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SUMMARY 


This  report  documents  a  mockup  cockpit  design  study  which  was 
the  first  phase  of  a  two-phase  effort  currently  beinq  performed  in 
support  of  the  USAF  KC-135  Avionics  Modernization  Program.  The 
report  is  presented  in  three  volumes:  Volume  I  describes  the 
experimental  design  and  summary  of  results;  Volume  II  presents  the 
study  data;  and  Volume  III  details  the  mission  scenario. 

To  address  the  cockpit  design  issues  relating  to  eliminating 
the  navigator  from  the  KC-135  tanker  aircraft,  a  full  scale  mockup 
was  designed  and  was  "flown"  bv  operational  aircrews  over  a  repre¬ 
sentative  mission  profile.  The  results  of  the  study  are  presented 
in  this  paper.  To  develop  the  experimental  design  around  answer¬ 
ing  the  question  of  how  to  eliminate  the  navigator  position  from 
the  aircraft,  a  mission  analysis  and  composite  mission  scenario 
were  constructed,  and  three  candidate  suites  of  available  control/ 
display  avionics  were  identified  and  arranged  in  the  full-size 
representative  KC-135  cockp.t  mockup.  Nine  fully  qualified 
Strategic  Air  Command  tanker  (KC-135)  aircrews,  consisting  of  two 
pilots  and  a  boom  operator,  "flew"  the  composite  mission  scenario 
and  the  three  candidate  avionics  suites.  They  thereby  provided  a 
subjective  data  base  that  formulates  the  results  and  conclusions 
of  the  present  study. 

The  primary  issues  addressed  during  this  studv  were  the  avi¬ 
onics  control  and  displav  criteria  to  be  met  in  the  event  of  the 
reduction  of  the  crew  complement  for  the  KC-135.  The  resultant 
data  of  the  experiment  suqqested  that  subject  crews  were  stronglv 
supportive  of  a  reduced  crew  complement  only  if  certain  present 
and  useful  KC-135  avionics  hardware  is  relocated  while  other  hard¬ 
ware  that  has  become  unacceptablv  outdated  or  has  outlived  its 
usefulness  is  signif icantlv  updated.  The  crew  members  were  verv 
much  in  favor  of  including  as  new  hardware  a  navigation  management 
svstem  that  could  displav  at  least  six  upcoming  wavooints  at  a 
time  with  an  almost  infinite  wavpoint  storage  caoacitv.  Addi¬ 
tional  capabilities  of  the  svstem  included  fuel  management/status 
update  and  displav,  automatic  present  position  update  in  relation 
to  fliqht  plan,  and  the  ability  to  calculate  center  of  gravity  and 
takeoff /land  j.ng  computations.  During  refueling  operations,  hold¬ 
ing  and  rendezvous  patterns  could  also  be  preprogrammed  into  the 
svstem. 

Another  maior  modification  to  the  cockpit  design  which  was 
judged  bv  the  crews  to  be  ind ispensi ble  for  mission  accomplishment 
with  a  reduced  crew  size  was  the  horizontal  situation  display. 

This  device,  which  replaced  the  standard  horizontal  situation 
indicator,  not  onlv  could  display  that  standard  information,  but 
also  allowed  the  selection  of  a  moving  map  alone  or  with  weather, 
ground  mapping,  or  radar  beacon  overlays.  In  addition,  certain 
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other  flight  parameters  such  as  glide  slope,  groundspeed,  course, 
and  time  and  distance  to  the  next  waypoint  were  available  on  the 
perimeter  and  at  the  corners  of  the  display  itself. 

Other  changes  to  the  current  KC-135  avionics  layout  rated 
highly  bv  the  crew  members  were  the  use  of  vertical -scale  engine 
instruments  and  the  inclusion  of  a  caution/warning  annunciator 
panel.  This  panel  consolidated  all  caution  and  warning  indicators 
into  one  area  of  the  front  instrument  panel  directly  in  view  of 
the  oilot  and  copilot.  The  panel  area  was  made  available  through 
the  use  of  the  verti cal -scale  instruments. 

It  should  be  noted  that  although  the  crew  station  reconfigura¬ 
tions  presented  in  this  report  were  analyzed  in  the  context  of  a 
reduced  crew  complement  (i.e.,  without  a  navigator),  many  of  the 
findings  about  enhanced  ability  to  accomplish  the  mission  while, 
at  the  same  time,  reducing  crew  workload  are  applicable  even  with¬ 
out  eliminating  the  navigator  crew  position.  Given  the  rapidly 
increasing  amount  of  information  that  must  be  assimilated  by  the 
pilot  and  copilot  in  a  potentially  expanding  hostile  environment, 
it  becomes  imperative  that  advanced  technology  in  the  form  of 
multipurpose  displays  and  computers  be  incorporated  in  crew  sys¬ 
tems  designs  to  perform  some  of  the  paperwork/navigation  computa¬ 
tions  which  presently  consume  a  significant  amount  of  time  and 
substantially  contribute  to  aircrew  workload. 

Based  on  the  results  of  this  study,  it  can  be  stated  that 
accomplishment  of  the  aerial  refueling  mission  is  feasible  with  a 
two  pilot,  one  boom  operator  flight  crew  by  reallocating  crew 
tasks  and  bv  utilizing  1980  state-of-the-art  crew  systems,  includ¬ 
ing  a  navigation  management  svstem,  electronic  horizontal  situa¬ 
tion/multipurpose  displays,  and  generally  upgraded  avionics 
systems . 
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INTRODUCTION 


Background . 

Recoqnizing  the  potential  for  significant  cost  savings  to  the 
Air  Force  if  the  navigator  position  could  be  eliminated  from  the 
KC-135  tanker  flight  crew,  the  USAF  has  directed  that  a  program  be 
undertaken  to  determine  the  feasibility  of  replacing  the  navigator 
with  cost  effective  avionics  and/or  other  cockpit  modifications. 

In  suoport  of  this  effort,  the  AF  Flight  Dynamics  Laboratorv  has 
undertaken  a  program  that  will  identify  the  criteria  to  be  met  by 
the  avionics  and  other  cockpit  modifications  necessary  for  a  3-man 
crew  complement  (pilot,  copilot,  boom  operator!  to  complete  all 
KC-135  mission  reauirements  without  compromises  to  either  mission 
performance  or  aircraft  operational  safety.  This  effort  is  called 
the  Tanker  Avionics  and  Aircrew  Complement  Evaluation  (TAACE)  Pro¬ 
gram  and  is  a  two-phase  effort,  starting  with  mission  analysis  and 
mockup  desiqn  evaluation  and  progressing  to  mission  simulation 
validati on . 

In  establishing  an  experimental  mockup  evaluation,  TAACE  per¬ 
sonnel  relied  most  heavilv  upon  the  information  acquired  during  an 
intensive  mission  analysis  phase.  This  portion  involved  numerous 
observation  flights  in  which  the  crew  positions  of  pilot,  copilot, 
naviqator,  and  boom  operator  were  critically  evaluated.  Crews 
were  administered  mission  analysis  questionnaires  which  were 
geared  to  crew  position  and  mission  segment  and  required  them  to 
analyze  their  workload  as  a  function  of  mission  tvpe  and  segment. 
Through  these  flight  observations  and  completed  questionnaires, 
crew  tasks  were  identified,  the  major  elements  of  representative 
KC-135  tanker  mission  sorties  were  established,  and  the  function¬ 
ing  of  the  present  tanker  crew  systems  were  reviewed.  Interviews 
with  members  of  SAC  tanker  crews  and  special  SAC  mission  briefings 
provided  the  final  information  necessarv  to  tie  together  all  the 
data  gathered  during  mission  analysis,  and  allowed  the  crews  an 
additional  avenue  to  express  their  concerns  and  preferences 
related  to  removing  the  navigator  from  the  cockpit.  This  mission 
analysis  work,  in  conjunction  with  the  knowledge  and  experience 
gained  in  the  crew  station  design  area  from  involvement  in  pre¬ 
vious  transport  programs,  enabled  a  candidate  cockpit  design  to  be 
devised.  This  desiqn  (referred  to  as  the  moderate  update)  in¬ 
cluded  the  movinq  forward  of  instrumentation  from  the  navigator's 
station  to  where  it  could  be  accessed  by  the  pilots,  and  upgrading 
and  relocating  other  crew  systems  to  enhance  their  utilization  and 
reduce  crew  workload.  This  moderate  update  was  regarded  as  beinq 
most  representative  of  the  degree  of  avionics  sophistication  that 
would  be  necessarv  in  order  for  the  air  refueling  mission  to  be 
accomplished  without  a  navigator. 
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Following  this,  so  as  to  give  the  mockup  evaluation  a  broad¬ 
ened  spectrum  of  design  capabilities  for  subsequent  crew  analysis, 
two  additional  configurations  were  created  (the  minimum  and  the 
major  uodatesi .  The  minimum  update  basicallv  consisted  of  the 
present  KC-1.35  flight  deck,  except  that  a  dual  inertial  navigation 
svstem  (INS)  was  added  and  the  required  items  were  brought  forward 
from  the  nav  station  tor  pilot  usaqe.  It  was  felt  that  this  up¬ 
date  did  not  represent  enouqh  avionics  sophistication  for  a  two 
pilot,  one  boom  operator  flight  crew,  but  exposing  the  subi«ct 
crews  to  such  a  svstem  enabled  them  to  better  evaluate  the  mod¬ 
erate  update  for  potential  over -soph i st i cat  ion .  The  minimum  up¬ 
date  represented  the  least  expensive  configuration  to  implement  in 
the  tanker.  On  the  opposite  end  of  the  desiqn  spectrum,  the  manor 
update  was  configured  with  the  greatest  amount  of  crew  systems 
avionics  sophistication  of  the  three  update  desiqns.  As  one  ex¬ 
ample,  the  manor  update  contained  nine  cathode  rav  tube  (CRT1 
displavs  as  compared  to  the  moderate  update's  four  CRTs  and  the 
minimum's  one  CRT,  which  was  actually  the  radar  scope  currently 
being  used  on  the  KC-135.  Because  the  maior  update  was  deliber¬ 
ately  configured  with  a  greater  amount  of  crew  systems  capabili¬ 
ties  than  was  felt  to  be  required  for  a  reduced  fliqht  crew,  sub¬ 
jects  were  given  more  flexibility  in  determining  t..c*  degree  of 
avionics  sophistication  necessary  bevond  that  offered  by  the 
moderate  update.  The  net  effect  of  these  three  systems  candidates 
was  to  expose  the  subject  crews  to  a  wide  latitude  of  design  capa¬ 
bilities  and  to  enable  them  to  respond  to  these  concepts  on  either 
side  of  the  moderate  update  configuration. 

Objectives. 

The  goal  of  the  TAACE  mockup  evaluation  phase  was  to  explore 
preliminary  design  trades  toward  the  realization  of  a  two-pilot, 
one  boom  operator  crew  complement.  The  design  trades  were  inves¬ 
tigated  by  having  subject  crews  "fly"  representative  KC-135  mis¬ 
sion  scenarios  and  evaluate  the  cockpit  configurations  with  which 
thev  were  presented.  The  data  collected  consisted  of  subjective 
opinions  but  objective  measurements  of  workload  levels  were  also 
attempted.  Throughout  the  entire  mission  analysis  and  mockup 
evaluation  phase,  intensive  coordination  with  HO  SAC  personnel  in 
XPH  and  DOT  occurred  regarding  the  mission  scenarios  flown  by  the 
subject  crews  and  the  fact  that  the  boom  operator  would  be  treated 
as  a  positive  control  crew  member  to  help  with  the  increased 
workload  resulting  from  the  elimination  of  the  navigator. 

Evaluation  of  the  collected  data  yielded  a  composite  design 
which  embodied  the  most  favorable  aspects  of  the  three  update  con¬ 
figurations.  This  composite  design  is  described  in  Section  V, 
and  will  be  experimentally  evaluated  during  the  next  phase  of  the 
TAACE  program  —  simulation  validation. 
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SECTION  II 
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METHODOLOGY 


Subjects .  Nine  crews  were  the  participants  in  this  experiment. 
Each  crew  consisted  of  a  pilot,  a  copilot,  and  a  boom  operator. 

The  average  experience  of  the  pilots  was  2361.6  hours  flying  time 
on  a  total  of  14  different  aircraft  with  the  copilots  averaging 
1478.8  hours  on  seven  different  aircraft,  and  the  boom  operators 
averaging  1060.5  hours  on  the  KC-135  (one  boom  operator  had  logged 
a  total  of  3500  hours  on  the  KC-97).  All  crews  were  selected  bv 
Strategic  Air  Command  and  covered  a  wide  range  of  experience 
levels.  Table  1  depicts  the  crews'  home  bases  and  their  respective 
experience  levels. 

Mission  Scenario.  A  KC-135  mission  scenario  was  developed 
which  encompassed  all  tvpes  of  mission  tasks,  meteorological  con¬ 
ditions,  all  formations,  instrument  approaches,  and  hostile  envi¬ 
ronment  conditions  which  the  tanker  would  be  expected  to  encounter. 
It  also  included  multi-ship  as  well  as  single-ship  formations. 

This  scenario  was  divided  into  three  sorties.  A  detailed  nar¬ 
rative  of  each  follows. 

LORING  TO  U.K.  FIGHTER  DEPLOYMENT  SUPPORT 

(LEG  1) 

(Figure  11 

The  3905  Strategic  Aerial  Refueling  Wing,  Loring  AFB  has 
been  alerted  for  a  Coronet  mission  to  support  an  increased 
readiness  posture  in  Europe.  A  deployment  frag  is  dispatched 
which  directs  a  five  ship  tanker  force  from  Loring  AFB  to  sup¬ 
port  an  A-7  unit  deployment  from  McGuire  AFB  to  RAF  Wittering. 
Proposed  launch  time  is  1100Z  which  is  three  hours  from  now. 

The  mission  is  identified  as  Coronet  Eagle. 

Eagle  Tanker  crews  attend  the  deployment  mission  briefing 
which  covers  crew  and  aircraft  assignment,  spares,  fuel  loads 
(">60,000  pounds),  parking  spots,  navigation  routing,  proce¬ 
dures  for  marshalling,  departure,  formation,  ioin-up,  cruise, 
rendezvous,  refueling,  and  recovery.  Status  of  tanker  force 
is  identified  as  prefliqht.ed,  but  not  cocked.  Airborne  com¬ 
mand  post  (ca1)  sign.  Head  Dancer),  airborne  search  and  rescue 
(call  sign,  Duckbutt) ,  weather  and  alternate  recovery  proce¬ 
dures  are  also  detailed.  An  intelligence  briefing  outlining 
the  European  political  instability  and  prognosis  of  deteriora¬ 
tion  completes  the  mission  briefinq.  Eagle  crews  receive  mis¬ 
sion  kits,  obtain  a  time  hack  and  disburse  to  complete  indi¬ 
vidual  nav  planning  and  pre-deoarture  tasks.  The  following 
scenario  described  the  activities  of  the  crew  in  the  #2  ship 
(call  sign,  Esso  2)  of  the  five  ship  cell  (Esso  1  thru  5) 
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Instructor  Pilot  N  -  No  experience  ‘Since  pilot  training 

Aircraft  Commander  FM  -  Familiar  only 

Boom  Operator  T  -  Trained  but  not  qualified 

Instructor  Boom  Operator  FQ  -  Fully  qualified 
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who  are  supportinq  the  Coronet  Eagle  deployment  of  12  A-7 
receivers  (call  sign.  Hotel  Sierra  1-12).  Esso  1  and  2  will 
deploy  to  Mildenhall,  while  the  other  three  tankers  return  to 
Loring  after  offloading  fuel  to  the  receivers. 

Prior  to  departing  the  briefing  area,  Esso  Lead  pilot 
conducts  a  pre-mission  briefing  with  other  cell  aircrews 
covering  communications,  taxi,  takeoff,  climb,  level  off, 
ioin-up,  formation  tactics,  offloads,  and  ARCTs  -  #1)  1200Z, 
#2)  1324Z,  #3)  1504Z,  #4)  1645Z.  Weather  and  emergency 
procedures  are  also  covered. 

The  boom  operator  departs  to  coordinate  for  inflight 
meals  while  pilots  review  and  complete  flight  planning  forms, 
charts  and  maps.  Subsequently,  the  crew  of  Esso  2  loads  all 
required  equipment  on  the  crew  bus  and  departs  base  ops  at 
0935Z.  At  0940Z,  the  Coronet  tanker  crews  arrive  at  their 
respective  aircraft  for  preflight  and  final  crew  briefings. 
Esso  2  experiences  water  failure  on  takeoff,  aborts,  returns 
to  the  hammerhead  to  check  the  system,  which  checks  out 
satisfactorily.  The  remainder  of  the  formation  departs  on 
schedule  and  Esso  2  departs  15  minutes  behind  the  leader.  A 
routine  IMC  departure  is  made  with  weather  at  200'  and  1/2 
mile.  After  airborne  a  change  of  flight  plan  is  requested  to 
shorten  the  route  so  as  to  rendezvous  with  the  tanker  cell 
over  the  ARCP  at  Halifax  (YHZ)  at  1152Z  prior  to  the  scheduled 
rendezvous  with  the  receivers.  During  level  off  at  FL290  the 
aileron  axis  of  the  autopilot  fails  and  cannot  be  revived. 

For  this  reason,  after  rendezvous,  Esso  2  -ioins  the  cell  in 
the  #5  position.  During  tanker  ioin-up  at  Halifax,  Esso  2 
experiences  a  generator  failure  which  is  resolved.  Esso  Lead 
and  2  refuel inq  svsteras  are  checked  bv  providing  a  token 
offload  to  one  receiver  each. 

After  the  non-deoloy ing  tankers  have  twice  refueled  the 
fiahters,  thev  return  to  Loring  and  Esso  2  moves  into  the  #2 
position.  Esso  Lead  radar  becomes  inoperative  so  Esso  2 
assumes  responsibility  for  formation  station-keeping  and 
weather  avoidance  through  an  extended  area  where  numerous 
diversions  around  weather  cells  are  required.  At  30°  w, 
halfway  across  the  Atlantic,  a  third  A/R  is  accomplished 
except  for  Hotel  Sierra  12.  After  several  unsuccessful 
attempts  to  refuel  and  tow.  Hotel  Sierra  12,  accompanied  bv 
Hotel  Sierra  11,  heads  for  the  closest  landfall/airport  - 
Shannon,  Ireland  with  a  projected  flame  out  40  miles  short  of 
the  airfield.  Esso  2  coordinates  the  problem  with  Head 
Dancer  and  rescue  and  proceeds  with  the  remainder  of  the 
Coronet  Eagle  Contingent  to  the  U.K.  The  fighters  top  off 
near  Lands  End  and  subsequently  break  away  from  the  tanker 
ceil  to  recover  at  RAF  Wittering.  The  disabled  receiver  and 
escort  are  assisted  to  Shannon  bv  Head  Dancer  and  Duckbutt. 
Esso  2  accomplished  a  minimum  weather  recovery  at  RAF 
Mildenhall  at  1820Z. 
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MTLDENHALL  EWO  MISSION 
{LEG  2) 

(Figure  2) 

After  arrival  at  RAF  Mildenhall,  the  KC-135  crew  has 
completed  their  crew  rest  and  are  now  on  alert  in  the  alert 
facility.  Nuclear  war  appears  imminent.  The  following  is  a 
mission  scenario  for  KC-135A,  ca^l  sign  FiliD  66.  The  mission 
kit  shows  this  aircraft  as  number  2  in  a  two  shiD  cell  of 
KC-l 3  5s .  The  takeoff  w’ll  be  from  RAF  Mildenhai!  to  a  rendez¬ 
vous  with  two  B-52s  coming  easterly  from  the  United  States. 

The  rendezvous  point  is  in  a  high  latitude  area  at 
N73°00 'W001°00 ' .  The  ARCT  will  he  0130Z. 

The  fuel  offload  will  be  100,000  pounds  per  each  KC-135 
with  a  recovery  in  northern  Norway.  The  lead  KC-135,  Filip 
61,  will  be  responsible  for  the  navigation  and  communication 
enroute.  Filin  66  will  follow  in  formation  using  airborne 
radar  to  keen  his  relative  Dosition  (station  keeping)  from 
the  lead  aircraft.  The  crew  will  navigate  and  monitor  com¬ 
munications  as  a  backup.  The  crew  has  studied  the  mission 
and  completed  the  necessary  flight  planning.  The  aircraft  is 
cocked.  The  proposed  flight  plan  and  the  aircraft's  position 
on  the  alert  pad  have  been  stored  in  the  navigation  manage¬ 
ment  system,  however,  the  INS  gyros  are  not  aligned. 

As  an  overview  to  this  portion  of  the  mission  scenario, 
hostilities  have  broken  out  between  Communist  block  countries 
and  friendly  nations.  As  a  result,  the  SAC  alert  force  has 
launched  and  is  proceeding  toward  target  areas.  The  two  ship 
cell,  of  KC-135s  depart  RAF  Mildenhall  at  2200Z,  nighttime, 
with  a  3,000  foot  ceiling  and  7  nautical  miles  visibility. 

Thev  climb  to  FL290  and  FL295  respectively,  and  proceed  in 
IMC  conditions  bv  normal,  navigation  and  station  keeping  pro¬ 
cedures  direct  to  an  overwater,  high  latitude  rendezvous  with 
their  two  B-57  receivers.  Approximately  four  hundred  miles 
prior  to  the  ARCP,  the  lead  KC-135  experiences  an  uncontrol¬ 
lable  engine  fire.  That  aircraft  leaves  the  formation  and 
sets  course  toward  an  emergency  recovery  base,  while  Filip  66 
proceeds.  When  approaching  the  ARCP,  several  severe  thunder¬ 
storms  with  tops  estimated  at  above  FL400  are  detected  in  the 
planned  refueling  track  bv  Filip  66  and  the  two  B-52 
receivers.  Bozo  21  and  Bozo  24.  A  new  refueling  track  clear 
of  the  thunderstorms  is  plotted  and  coordinated  between  air¬ 
craft.  Authentications  are  completed  and  a  diversion  is  made 
to  the  new  refueling  track.  A  point  parallel  rendezvous  is 
completed.  Filip  66  refuels  both  Bozo  21  and  24,  since  the 
other  tanker  is  not  available.  Filip  66,  with  onlv  emergency 
fuel,  recovers  at  the  nearest  airfield,  Bodo,  Norway.  Ground 
navigation  aids  have  been  shut  down  or  jammed  so  an  airborne 
radar  approach  (ARA)  is  made  with  onlv  enough  fuel  for  one 
approach.  The  weather  at  Bodo  is  a  400  foot  ceiling  and  1  NM 


7 


223i 


visibility  in  nighttime  conditions.  The  mission  is  further 
complicated  bv  a  runaway  stabilizer  trim  at  liftoff,  the 
tanker's  rendezvous  beacon  being  inoperative,  smoke  and  fumes 
from  the  air  conditioning  system  being  detected  during  the 
aerial  refueling  of  the  B-52s  and  two  engines  flaming  out 
from  fuel  starvation  on  final  approach  prior  to  a  successful 
recovery  at  Bodo,  Norway. 

BODO  CONTINGENCY  MISSION 
(LEG  3) 

(Figure  3) 

The  KC-135  has  been  towed  off  the  taxiway  at  Bodo,  main¬ 
tenance  discrepancies  have  been  corrected,  and  it  has  been 
refueled  with  120,000  pounds  of  fuel.  A  thru-flight  inspec¬ 
tion  has  been  performed  by  the  crew  chief.  The  pilots  pro¬ 
ceeded  to  operations  where  they  contacted  their  operation 
center  through  NATO  land  line  communications.  They  reported 
Filip  61' s  emergency,  his  unknown  disposition  and  the  amount 
of  fuel  offloaded  to  each  of  Bozo  21  and  24.  They  were 
directed  bv  their  operaton  center  to  relaunch  as  lead  in  a 
two  ship  cell  with  TACO  33,  another  KC-135  which  recovered  at 
Bodo.  TACO  33  has  an  inoperative  navigation  management  sys¬ 
tem.  Thev  are  to  proceed  to  an  anchor  point  over  the  Baltic 
Sea  at  N58°40",  E19°40"  to  refuel  multiple  fliqhts  of 
fighter  aircraft  striking  targets  in  Western  Eurasia.  The 
air  refueling  control  time  (ARCT)  is  0852Z.  The  tankers' 
altitudes  in  the  anchor  will  be  FL290  and  FL300.  The  re¬ 
ceivers  will  be  vectored  by  GCI  Control.  Filip  66  and  TACO 
33  are  to  remain  in  the  refueling  track  until  they  have  only 
enouqh  fuel  remaining  to  safely  recover  at  Aalborg  Royal 
Danish  Air  Force  Base,  Denmark. 

The  crew  obtains  an  intelligence  briefing  from  NATO  Ops. 
NATO  is  involved  in  a  limited  war  with  the  Soviet  block 
nations.  Aircraft  are  operating  on  tactical  clearances  with¬ 
out  air  traffic  control  clearances.  Some  control  towers  and 
military  radars  are  operating.  All  navigation  aids  have  been 
shut  down,  and  jamming  and  interference  is  taking  place  on  all 
communication  radios.  Nuclear  detonations  are  possible. 

Crews  are  advised  to  wear  gold  goggles.  Enemy  fighter  air¬ 
craft  have  been  reported  infringing  upon  free  airspace  from 
both  ground  bases  and  aircraft  carriers. 

Mission  and  crew  briefinqs  are  completed.  The  crew 
inserts  the  proposed  flight  plan  into  the  nav  manaqement  sys¬ 
tem.  The  inertial  navigation  systems  are  aligned  prior  to 
taxiing.  As  Lead  they  make  a  two  ship,  day,  IMC  departure 
with  ceiling  at  400  feet  and  visibility  at  1  NM.  The  air¬ 
craft  climb  to  FL290  and  FL295  respectively,  and  proceed  to 
the  anchor  point,  where  the  pattern  is  established  prior  to 
the  control  time.  TACO  33  climbs  to  FL300.  Enroute  to  the 
AP.CP,  an  electrical  svstem  malfunction  occurs  and  subsequently 
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the  pilot's  nav  manaqement  system  control/d ? splav  unit  fCDU) 
becomes  inoperative,  reauiring  all  further  naviqation  inter¬ 
face  to  be  conducted  throuah  the  copilot’s  CDU.  GCI  as¬ 
sistance  is  not  available  until  after  the  aircraft  are  in  the 
anchor . 


GCI  vectors  numerous  F-15,  F-ifi,  A- 7 ,  and  F-4  aircraft, 
formations  and  sinqle  ships,  in  for  refueling  from  both 
tankers.  Fighters  are  both  inbound  to  and  outbound  from  tar- 
qet  areas.  Some  are  required  to  hold  out  while  others  are  on 
the  tanker.  Some  are  extreme! v  low  on  fuel,  requirinq  coor¬ 
dination  for  prioritv  treatment.  In  one  case  the  tanker  is 
required  to  cut  short  the  anchor  and  proceed  toward  a  point 
in  the  anchor  pattern  closer  to  an  emergency  fuel  fighter. 

The  pattern  is  also  complicated  by  several  weather  cells  which 
must  be  circumnavigated  alonq  one  side  of  the  anchor. 

After  approximately  1  1/2  hours  in  the  pattern,  enemv 
fighters  attack  the  formation.  A  nuclear  device  is  detonated 
and  Filip  66  is  subiect  to  an  electro-magnet ic  pulse  (EMP) . 

The  loss  of  all  non-hardened  avionics  svstems  ensues,  leaving 
Filip  66  without  communications  and  with  onlv  limited  flight 
instruments  and  navigational  capability.  Most  electrically 
operated  controls  and  indicators  are  inoperative.  The  boom 
operator,  in  the  boom  pod  without  his  goggles,  is  blinded  bv 
the  flash.  Filip  66  unable  to  see  or  communicate  with  TACO 
33,  turns  southwestward ,  dead  reckons  to  a  position  believed 
to  be  over  the  North  Sea  and  makes  a  slow  spiraling  descent 
to  VMC  conditions  over  the  water.  He  then  turns  northeast 
and  proceeds  until  landfal!  on  the  northwest  coast  of  Denmark. 
Using  dead  reckoning  he  proceeds  visually  to  Aalborg  Roval 
Danish  Air  Force  Base.  A  visual  approach  is  made  to  Aalborg 
with  the  ceiling  at  1,100  feet  and  the  visibility  at  3  miles. 
The  landing  gear  and  winq  flaps  are  extended  normally  and  a 
successful  landing  concludes  this  portion  of  the  mission. 

Crew  Station  Designs.  Three  cockpit  configurations  were  eval¬ 
uated  during  the  mockup  exercise  —  the  minimum  update,  the  moder¬ 
ate  update,  and  the  major  update.  This  section  describes  the 
changes  made  from  the  current  KC-135  and  the  rationale  behind 
those  changes. 


Mimimum  Update 

The  minimum  update  is  the  least  "sophisticated"  of  the  three 
designs  and  basically  involves  the  moving  forward  of  all  the  navi¬ 
gator  station  controls  and  displays  that  the  pilots  would  have  to 
operate  and/or  reference  during  flight.  No  changes  are  made  to 
the  pilot's  or  copilot's  front  instrument  panels  (Figure  4)  except 
that  an  INS  select  switch  (item  10)  is  added  to  both  panels  which 
enables  the  INS  signal  to  be  coupled  to  the  HSI  (item  26).  There 
are  also  no  changes  made  to  the  fuel  panel  (item  36).  On  the 
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Figure  4.  Minimum  Update:  Pilot/Copilot  Front  Instrument  Panels  and  Forward  Center  Console 
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*  1)  Radar  pressurization  panel 

*  2)  Doppler  control  panel 

*  3)  APN-69  beacon  panel 

4)  Air-conditioning  control  panel 

5)  Cabin  pressure  controllers 

6)  Light  control  panel  (exterior) 

7)  Electrical  control  panel 

8)  Light  control  panel  (interior) 

9)  UHF  #2  comm  control  panel 

10)  Ciphony  control  panel 


*  Current  tanker  hardware, 
new  location 


11)  Rotation  go-around  control  panel 

12)  Flight  director  control  panel 

13)  Autopilot  control  panel 

14)  Warning  bell  control  panel 

15)  Dual  remote  heading  slew  switch 

16)  VHF  #1  and  #2  navigation  control  panel 

17)  Loudspeaker  and  TACAN  antenna  control 
panel 

18)  TACAN  control  panel 

19)  UHF  #1  comm  control  panel 

20)  Battery  charging  anmeter 

21)  Speaker 
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Figure  5.  Minimum  Update:  Overhead  Panel 
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1)  Throttle  quadrant  (standard) 
*  2)  Autopilot  controller 
+3)  Radar  control  panel 
4)  Rudder  and  aileron  trim 


*5)  IFF  control  panel 
+  6)  Inertial  navigation  system 

7)  Wing  flap  handle  (modified) 

8)  Radar  scope 


NOTE:  Inertial  Navigation  System  No.  2  located  at  standard  Navigator's  panel 


+  New  hardware,  new  location 
*  Current  tanker  hardware,  new  location 


Figure  6.  Minimum  Update:  Aft  Center  Console 


1)  Light  dimmer,  oxygen  hose,  electrical  receptacle 

*  2)  HF  comm  control  panel 

3)  Ash  tray 

4)  Hydraulic  control  panel 

5)  Hydraulic  pressure  indicators 
#6)  Nav  monitor  panel 

#  7)  AIC-18 

if  8)  Oxygen  regulator 


if  New  hardware,  current  tanker  location 
*  Current  tanker  hardware,  new  location 


Figure  7.  Minimum  Update:  Pilot  Side  Panel 
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1)  Windshield  anti-ice 
#2)  Nav  monitor  panel 
+3)  VHF  comm  control  panel 

4)  Electrical  receptacle,  oxygen  hose,  light 
#5)  Oxygen  regulator 
#  6)  AIC-18 


+  New  hardware,  new  location 
#  New  hardware,  current  tanker  location 


Figure  8.  Minimum  Update:  Copilot  Side  Panel 


dimmer 
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center  instrument.  Dane!  (Fiqure  4)  a  true  airspeed  (TAS)  indicator 
(item  13)  is  added.  On  the  overhead  panel  (Figure  51,  an  APN-69 
rendezvous  heacon  (item  31,  radar  pressurization  panel  (item  11, 
and  doppler  control  (item  21  are  added.  The  aft  center  console 
(Fiqure  61  ’ s  widened  aft  of  the  throttle  quadrant  (item  11  and  the 
flaD  control  (item  7)  is  made  smaller  and  is  moved  sliqht.lv  for¬ 
ward.  An  INS  control /di sDlav  unit  (CDU1  is  added  (item  6),  as  are 
IFF  (item  51  and  radar  controls  (item  3).  The  pilot's  side  panel 
(Fiqure  71  replaces  the  AIC-10  with  an  AIC-18  (item  71  and  adds  an 
HF  comm  control  head  (item  21.  The  copilot's  side  panel  (Fiqure  8) 
also  has  the  AIC-10  replaced  with  an  AIC-18  (item  61  and  has  a  VHF 
comm  head  a^ded  (item  31  while  the  HF  comm  head  and  IFF  ident  con¬ 
trol  are  removed.  The  addition  of  an  INS  ON/ALIGN  control  (not 
pictured)  completes  the  changes  to  the  copilot's  side  panel. 
Finallv,  a  performance  scroll  (not  pictured)  is  added  to  the  glare 
shield  and  let-down  plate  holders  (not  pictured)  are  added  to  the 
pilot's  and  copilot's  side  window.  The  AIC-10  on  the  FD-109  equip¬ 
ment  rack  is  replaced  by  an  AIC-18  and  is  used  bv  the  boom 
operator . 

In  the  moderate  update,  all  controls  are  consolidated  within 
the  reach  of  both  pilots  and  most  of  them  are  also  within  the  reach 
of  the  boom  operator,  since  it  is  difficult  to  predict  when  one  or 
more  crew  members  may  become  overloaded.  Additionally,  all  con¬ 
trols  and  disolavs  for  similar  svstems  are  grouped  together  and 
certain  svstems  are  integrated  so  that  a  mission  computer  can  do 
most  of  the  calculations  and  other  "busywork"  tasks.  The  ration¬ 
ale  behind  the  maior  update  is  the  same  as  this  except  that,  in 
addition,  certain  svstems  are  more  automated  to  further  reduce 
workload.  Because  manv  svstems/changes  are  identical  in  both  the 
moderate  and  maior  desiqns,  these  are  described  first  for  both 
svstems. 


Common  Changes  To  The  Moderate  And  Major  Updates 

The  pilot's  and  copilot's  instrument  panels  in  both  the  moder¬ 
ate  (Fiqure  9)  and  major  (Figure  141  updates  have  the  addition  of 
an  F-16  vertical  scale  scale  angle  of  attack  (item  11,  the  combina¬ 
tion  of  the  mach  and  airspeed  indicators  into  one  instrument  (item 
2)  and  the  addition  of  a  vertical  scale  radio  altimeter  (item  81. 
These  changes  are  made  in  the  interest  of  saving  space  on  the 
panels.  A  CRT  horizontal  situation  display  (Figure  9,  item  20; 
Figure  14,  item  21)  with  navigation  mode  and  display  format  selec¬ 
tion  switches  (Figure  9,  item  19;  Figure  14,  item  20)  replaces  the 
standard  HSI,  and  a  bearing-distance-heading  indicator  (Figure  9, 
item  21;  Figure  14,  item  22)  replaces  the  standard  RMI  in  both  up¬ 
dates.  In  addition,  a  clock  (Fiqure  9,  item  18;  Figure  14,  item 
19)  and  marker  beacon  light  (Figure  9,  item  6;  Figure  14,  item  9) 
are  added  to  the  copilot's  front  panel.  On  the  center  instrument 
panel  of  both  designs,  vertical  scale,  segmented-light  engine, 
pressure,  and  quantity  instruments  are  included  (Figure  9,  item  12; 
Figure  14,  item  141.  Selectable  digital  readouts  of  those  param¬ 
eters  are  provided.  The  accelerometer  is  removed  from  the  air¬ 
craft. 
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Figure  9.  Moderate  Update:  Pilot/Copilot  Front  Instrument  Panels  and  Forward  Center  Console 


1 


©  © 


*  1)  Radar  pressurization  panel 

*  2)  APN-69  beacon  panel 

3)  Air-conditioning  control  panel 

4)  Cabin  pressure  controllers 

5)  Light  control  panel  (exterior) 

6)  Electrical  control  panel  (modified) 

7)  Light  control  panel  (interior) 

*  8)  Attitude  heading  reference  system  (AHRS) 

*  9)  HF  comm  control  ptnel 
+  10)  VHP  cotrm  control  panel 

*  11)  TACAN  #1  control  panel 
+  12)  TACAN  #2  control  panel 


*  13)  Loud  speaker  and  TACAN  antenna 
control  panel 

14)  Rotation  go-around  control  panel 

15)  Flight  director  control  panel 

16)  Autopilot  control  panel 

17)  Warning  bell  control  and 
remote  heading  slew  switch 

18)  VHF  #1  and  #2  navigation  control 
panel 

+19)  Anti-ice  control  panel 
+  20)  Instrument  power  control  panel 
+21)  Hydraulic  control  panel 
*22)  Ciphony  control  panel 

23)  Battery  charging  ammeter 

24)  Speaker 


+  New  hardware,  new  location 
*  Current  tanker  hardware,  new  location 

Figure  10.  Moderate  Update:  Overhead  Panel 
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1)  Throttle  quadrant 
*2)  Rudder  power  switch 
*3)  Engine  start  panel 

*  4)  Autopilot  controller 
*5)  UHF  #1  conm  control  panel 

*  r> )  UHF  #2  comm  control  panel 
*7)  Rudder  trim 


+  New  hardware,  new  location 
*  Current  tanker  hardware,  new  location 


*  8)  Aileron  trim 

+  9)  Radar  control  panel 

*  10)  IFF/SIF  control  panel 

+  11)  Fuel  switching  matrix  and  fuel  dump 
*12)  Gear  horn  switch 

*  13)  Wing  flap  control 

14)  Stab  trim  cut  out  switch 


1.  Boom  Telescope  Lever 

2.  Air  Refuel  Pump  Switches 

3.  Air  Refuel  Master 

4.  Aircraft  Total  Fuel  Quantity  Indicator 

5.  Transfer  Flow  Rate  and  Totalizer 

6.  Light  Control  Switches 


Boom  Operator  Control  Panel  Modified  Only  as  Follows: 

1.  Move  A/R  master  slightly  to  left 

2.  Add  transfer  fuel  flow  rate  and  totalizer  indication 

3.  Add  aircraft  total  fuel  quantity  indicator 

4.  Replace  boom  operator  and  instructor  boom  operator  AlC-lOs 
with  AIC-18  interphone  panels 

5.  Add  forward  and  aft  A/R  fuel  pump  switches 


Figure  13.  Moderate  Update: 


Aft  Boom  Operator  Station 


1)  Ai  r-cond  i  t  i  on  ing  control  panel 
21  Cairn  pressure  controllers 
31  Light  control  panel  (exterior) 

4)  Elei  trical  control  panel  (modified! 

5)  Light  control  pane,  (interior) 

*  A'  APN-69  beacon  panei 

+  7)  Hydraulic  control  panel 
+  8)  Instrument  power  control  panel 

*  9)  Loudspeaker  and  TACAN  antenna  control 

panel 


101  Rotation  go-around  control  panel 
11)  Flight  director  control  panel 

*  12)  Autopilot  control  panel 

*  13)  Warning  bell  control  and  remote 

heading  slew  switcl 

*  14)  Ciphonv  control  panel 
15)  Growth  area 

*  16)  Radar  pressurization  panel 

17)  Battery  charging  ammeter 

18)  Speaker 


+  New  hardware,  new  location 
*  Current  tanker  hardware,  new  location 


Figure  15.  Major  Update:  Overhead  Panel 
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1)  Throttle  quadrant 
*2)  Rudder  power  switch 

*  3)  Engine  start  panel 

*  4)  Autopilot  controller 

+  5)  Comm-Nav/IFF  tuning  cockpit 
display  unit 

+  6)  Radar  control  panel 
*7)  Rudder  trim 


*  8)  Ai leron  trim 

+  9)  Doppler  on-off  switch 

+  10)  CRT  multipurpose  display  (to  include 

Fuel  Management,  CG,  TOLD,  &  Checklists) 
+11)  Inertial  navigation  system  control  panel 
+  12)  Radar  cursor  control 

*  13)  Gear  horn  switch 

*  14)  Wing  flap  controls 

151  Stab  trim  cut  out  switch 


+  New  hardware,  new  location 
*  Current  tanker  hardware,  new  location 


Figure  16.  Major  Update:  Aft  Center  Console 


#  1)  Nav  monitor  panel 

#  2)  AIC-18 

*3)  Oxygen  hose,  dimmer, 
oxygen  quantity, 
lamp  receptacle 

#  4)  Oxygen  regulator 

#  New  hardware,  current  tanker  location 

#  Current  tanker  hardware,  new  location 


Figure  17.  Major  Update:  Pilot/Copilot  Side  Panels 
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1.  Boom  Telescope  Lever 

2.  Air  Refuel  Pump  Switches 

3.  Air  Refuel  Master 

A.  Aircraft  Total  Fuel  Quantity  Indicator 

5.  Transfer  Flow  Rate  and  Totalizer 

6.  Light  Control  Switches 


Boom  Operator  Control  Panel  Modified  Only  as  Follows: 

1.  Move  A/R  master  slightly  to  left 

2.  Add  transfer  fuel  flow  rate  and  totalizer  indication 

3.  Add  aircraft  total  fuel  quantity  indicator 

4.  Replace  boom  operator  and  instructor  boom  operator  AIC-lOs 
with  AIC-I8  interphone  panels 

5.  Add  forward  and  aft  A/R  fuel  pump  switches 


Figure  18.  Major  Update: 


Aft  Boom  Operator  Station 


The  overhead  panel  of  both  configurations  has  the  following 
changes:  the  addition  of  a  radar  pressurization  panel  (Figure  10, 

item  1;  Figure  15,  item  16)  and  an  APN-69  beacon  control  panel 
(Figure  10,  item  2;  Figure  15,  item  6),  while  all  anti-ice/de-ice 
switches,  instrument  power  switches,  and  all  hydraulic  controls  are 
consolidated  on  a  panel  where  both  pilots  can  reach  them  (Figure 
10,  items  19,  20,  21;  Figure  15,  items  7,  8).  As  a  result  of  these 
switch/control  groupings  onto  the  overhead  panel,  most  systems  con¬ 
trols  and  displays  are  removed  from  the  pilot's  and  copilot's  side 
panels. 

In  the  forward  center  console  area  of  both  the  moderate  (Figure 
9)  and  major  (Figure  14)  updates,  the  fuel  panel  is  removed  and 
replaced  by  two  navigation  management  control/display  units  (nav 
management  CDUs)  (item  25  in  both  figures)  and  other  related  con¬ 
trols  and  displays  which  are  described  later  in  this  section. 

The  aft  center  console  is  enlarged  to  two  standard  widths  in 
both  updates  and  lengthened  to  24  inches  in  the  moderate  (Figure 
11)  and  27  inches  in  the  major  (Figure  16)  update.  The  throttle 
quadrant  (item  1  in  both  figures)  is  configured  identically  in  both 
designs  with  the  removal  of  the  radar  scope,  a  slightly  forward 
positioning  of  the  flap  control  (Figure  11,  item  13;  Figure  16, 
item  14),  and  the  addition  of  a  rudder  power  switch  (item  2  in  both 
fiqures) ,  a  gear  horn  switch  (Figure  11,  item  12;  Figure  16,  item 
13),  and  an  engine  start  panel  ( i.tem  3  in  both  figures).  In  both 
designs,  a  radar  control  panel  (Figure  11,  item  9;  Figure  16,  item 
6)  is  added,  the  rudder  trim  (item  7  in  both  figures)  is  offset  t-o 
the  left  of  center,  and  the  aileron  trim  (item  8  in  both  figures) 
is  moved  aft. 

This  completes  the  list  of  changes  to  the  KC-135  avionics  suite 
that  are  identical  in  the  moderate  and  major  updates.  In  addition, 
a  number  of  changes  which  are  not  common  to  both  are  made.  These 
are  discussed  next. 


Remaining  Changes  To  The  Moderate  And  Manor  Updates 


The  center  instrument  panel  in  the  moderate  design  (Figure  9), 
in  addition  to  the  previously  mentioned  changes,  has  a  consolidated 
caution  and  warning  svstem  annunciation  panel  (item  10)  with  dedi¬ 
cated  lights  which  illuminate  in  coniunction  with  master  caution 
lights  (item  5)  on  the  glare  shield.  The  major  design  (Figure  14) 
broadens  this  concept  with  a  consoHdated  caution  and  warning  panel 
(item  11)  displaying  six  lines  of  computer  prioritized  information. 
This  svstem  is  integrated  with  an  automatic  display  of  emergency 
checklist  procedures  selectable  by  the  pilot.  In  addition,  in  the 
manor  desian,  an  attitude  heading  reference  svstem  (AHRS)  control 
(item  12)  is  added  to  the  center  instrument  panel. 


The  old  fuel  panel  area  (forward  center  console)  in  the  moder¬ 
ate  (Figure  9)  and  major  (Figure  14)  designs  has  several  afore¬ 
mentioned  changes  from  the  current  tanker  configuration.  In  addi¬ 
tion,  the  moderate  design  has  lighted  vertical  scale  fuel  quantity 
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indicators  (item  27).  Also,  an  INS  control  panel  (item  28)  and  a 
doppler  control  panel  (item  26)  are  provided  in  this  area.  By  con¬ 
trast,  the  major  update  eliminates  the  vertical  scale  fuel  quantity  j 

indicators  with  the  addition  of  a  multi-purpose  CRT  (item  26)  which  ! 

provides  either  weather  radar  or  fuel  quantity  information  depend¬ 
ing  upon  which  mode  is  selected.  Additionally,  a  push-button 
tue 1-sw i tch inq  matrix  (item  27)  is  Drovided  directly  below  the  CRT. 

The  overhead  panel  of  the  moderate  update  (Fiqure  10)  contains 
an  AHRS  control  (item  8),  an  HP  radio  head  (item  9),  a  VHF  radio 
head  (item  10),  and  a  second  TACAN  (item  12).  The  rest  of  the 
changes  to  this  Dane)  are  the  same  in  both  desiqns  and  have  been 
discussed  earlier.  Similarly,  the  side  panel  configurations  (both 
pilot  and  copilot)  are  identical  in  the  moderate  (Fiqure  12)  and 
maior  (Fiqure  17)  svstems  and  the  changes  have  been  previously 
d i scussed . 

As  in  the  case  of  the  side  panels,  no  differences  exist  in  the 
throttle  quadrant  of  the  moderate  and  maior  designs. 

Although  many  changes  from  the  current  KC-135  control  stand  are 
identical  in  the  aft  center  console  of  the  moderate  and  major  con¬ 
figurations,  a  number  of  dissimilarities  also  exist.  In  the  mod¬ 
erate  update  aft  center  console  (Figure  11),  a  fuel  switching 
matrix  (item  11)  is  added  as  are  an  IFF/SIF  control  panel  (item  10) 
and  the  UHF  No.  1  and  2  radio  control  heads  (items  5  and  6).  On 
the  other  hand,  the  major  design  (Figure  16)  differs  here  in  that 
an  INS  control  panel  (item  11)  and  a  doppler  control  panel  (item 
9)  are  added  while  all  communication,  navigation,  and  IFF  tuninq 
functions  are  integrated  into  singular  devices  (item  5).  Two  of 
these  devices  are  represented  on  the  console.  Finally,  a  multi¬ 
purpose  CDU  (CRT  and  kevboard)  (item  10)  is  provided  for  tasks 
such  as  fuel  management,  CG  computations,  take-off  and  landing 
data  (TOLD),  and  checklist  presentation. 

Design  Capabilities.  Although  manv  of  the  hardware  items  in 
the  three  desiqns  (especially  in  the  moderate  and  maior)  are  iden¬ 
tical,  very  often  the  capabilities  represented  bv  each  piece  have 
been  reduced  or  enhanced  depending  upon  the  particular  update  in 
question.  This  section  will  discuss,  in  a  limited  manner,  those 
devices  which  are  chanqed  from  the  current  KC-135  and  how  the 
capabilities  of  those  devices  have  been  altered  in  each  update 
design. 


Inertial  Navigation  System  (INS) 

Minimum  Update  (Fiaure  6,  item  6  and  one  unit  at  old  nav  sta¬ 
tion,  not  pictured).  Two  independent  Delco  Carousel  IV-E  INSs  are 
represented  and  navigation  information  to  the  HSI  is  provided 
selectively  from  either  unit.  Both  units  are  aligned  and  fliqht 
planned  simultaneously  throuqh  the  use  of  the  "remote"  kev  on  the 
CDU,  enabling  the  second  unit  to  provide  redundant  information  in 
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case  of  failure  of  the  first  unit.  A  maximum  of  nine  waypoints 
plus  present  position  can  be  loaded  into  the  TNS  at  anv  one  time. 
Information  readouts  (determined  bv  the  position  of  the  data  se¬ 
lector  switch!  and  capabilities  include  track  anql e/groundspeed , 
heading/drift  angle,  wind  (direction/speed!,  crosstrack  distance/ 
track  angle  error,  desired  track  angle/svstems  status  display, 
distance/time  to  next  waypoint,  distance/time  between  any  two  wav- 
points,  alert  indication,  flight  planned  changes,  auto/manual 
flight  plan  update,  flight  plan  changes  between  wavpoints,  and 
present  position  check/update. 


Moderate  Update  (Figure  9).  The  INS  once  again  consists  of  two 
Carousel  IV-E  black  box  units  which  are  interfaced  with  the  pilot 
through  the  nav  management  CDUs,  item  25  (to  be  described  later!, 
thereby  eliminating  the  need  for  a  Carousel  IV  dedicated  control 
head.  (However,  one  of  these  heads  is  provided  at  the  old  nav  sta¬ 
tion  for  redundancy! .  The  INSs  are  aligned  as  in  the  minimum  up¬ 
date,  but  all  programming  occurs  through  the  nav  management  svstem. 


Maior  Update  (Figure  14,  item  251.  Identical  to  the  moderate 
update . 


Doppler 

Minimum  Update  (Figure  5!.  A  doppler  (item  21  which  is  compat¬ 
ible  with  the  INS  for  air-alignment  provides  groundspeed  and  drift 
angle  information  to  the  INS  and  continuously  provides  a  digital 
displav  of  those  parameters. 


Moderate  Update  (Figure  9).  Identical  to  the  minimum  update 
except  that  groundspeed  and  drift  information  are  displayed  on  the 
nav  management  CDUs  (item  251  rather  than  on  the  dedicated  doppler 
control  head. 


Maior  Update  (Figure  14,  doppler  information  displayed  on  item 
25) .  Identical  to  the  moderate  update. 

Radar 


Minimum  Update  (Figure  6) .  The  radar  is  displayed  on  the  scope 
(item  8)  located  to  the  left  of  the  copilot's  knee.  The  unit  is 
capable  of  depicting  the  following  modes:  ground  mapping  returns, 
weather  returns,  or  aircraft  beacon  returns,  one  at  a  time.  Be¬ 
sides  mode  selection,  other  adiustable  parameters  include  range 
control,  antenna  tilt  control,  gain  control,  antenna  stabilization, 
and  radar  system  pressurization. 

Moderate  Update  (Figure  91.  The  radar  is  displayed  on  the 
pilot's  and  copilot's  CRT  horizontal  situation  displays,  item  20 
(HSDs  to  be  described  later!.  The  information  displayed  is  select¬ 
able  and  depicts  either  ground  mapping  returns,  weather  returns,  or 
aircraft  beacon  returns,  one  at  a  time.  The  range  control  is  moved 
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to  the  HSDs  to  provide  individual  ranqe  control  for  each  display. 

In  addition  to  havinq  the  same  other  adiustable  parameters  as  the 
radar  in  the  minimum  update,  a  radar  cursor  control  (item  24) 
enables  a  cross  hair  to  be  moved  about  and  positioned  at  anv 
desi red  location  on  the  display.  When  the  cursor's  position  is 
subseauentlv  inserted  into  the  nav  management  system,  the  mission 
computer  can  caicuiate  the  relative  location  of  the  aircraft  to  the 
cursor,  thus  orovidinq  a  radar  update  capability  for  naviqation 
accuracy.  Also,  an  automatic  feature  of  this  radar  system  displays 
a  warning  symbol  on  the  HSD  for  nearbv  weather  ce^ls  if  the  radar 
is  on  weather  mode,  but  a  radar  overlay  is  not  being  displayed  on 
the  HSD  at  the  time. 

Maior  Update  (Fiqure  14,  radar  information  displayed  on  item 
21).  Identical  to  the  moderate  update. 

Performance  Scroll 


Minimum  Update.  This  scroll ,  located  on  the  qlare  shield  just 
above  the  engine  fire  switches,  provides  a  quick  readout  of  certain 
performance  data  which  is  usually  obtained  from  the  checklist 
binder  or  aircraft  technical  order.  Such  data  includes  approach, 
touchdown,  and  holding  speeds  for  various  gross  weights,  an  alti¬ 
tude  reminder,  dry  RPR  values  for  take-off  rated  thrust  (TRT) , 
military  rated  thrust  (MRT) ,  and  go-around  (GA) ,  EPR  or  touch  and 
go  landinqs,  and  military  rated  thrust  for  practice  breakaway 
maneuvers  between  FL260  and  FL350  (not  depicted  in  figures) . 

Moderate  and  Major  Updates.  Not  applicable.  The  information 
contained  on  the  minimum  update's  performance  scroll  is  computed 
and  selectively  displayed  on  the  navigation  management  displays. 

Attitude  and  Heading  Reference  System  (AHRS) 

Minimum  Update.  Not  applicable. 

Moderate  Update  (Fiqure  10).  An  AHRS  (item  8)  providing  gyro- 
stabilized  information  for  lateral,  pitch,  and  roll  axes  of  the 
aircraft  is  represented.  Heading  information  is  fed  to  all  heading 
indicators  in  the  cockpit  with  the  exception  of  the  standby  mag¬ 
netic  compass  while  pitch  and  roll  inputs  are  routed  to  the  ADI/ 
flight  director. 

Major  Update  (Figure  14,  item  12).  Identical  to  the  moderate 
update . 

Fuel  System 

Mimimum  Update  (Figure  4,  item  36).  Unchanged  from  the  current 
KC-135A. 
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Moderate  Update  (Figure  9).  The  fuel  quantity  indicating  sys¬ 
tem  (item  27)  is  made  up  of  vertical  scale,  liqhted  segment  indi¬ 
cators,  one  for  each  of  the  ten  tanks  plus  a  total  fuel  quantity 
indicator,  a  fuel  transfer  totalizer,  and  a  transfer  rate  displav. 
The  fuel  weight  in  each  tank  is  sensed  and  displayed  on  the  fuel 
quantity  indicators  and  is  automatically  fed  into  the  mission  com¬ 
puter,  so  that  the  weight  can  be  used  in  center  of  gravity  and 
takeoff  and  landing  data  (TOLD)  computations.  The  weight  and 
balance/CG  page  on  the  nav  management  CDU  is  used  to  insert  cargo 
ard  passenger  weight  and,  when  combined  with  the  weight  of  the  fuel 
in  the  tanks,  can  provide  a  display  to  the  pilots  of  the  present 
and  optimum  center  of  gravity  range.  All  information  is  contin¬ 
ually  updated  as  fuel  is  used  or  transferred. 

A  fuel  switching  matrix  (Figure  11,  item  11)  consisting  of 
thirty  alternate-action  tvpe  switches  controls  fuel  boost  pumas, 
fuel  system  valves,  air-refueling  pumps  and  valves,  and  the  fuel 
dump  system.  This  matrix  also  controls  the  flow  and  routing  of 
fuel  for  the  whole  aircraft  system. 

Maior  Update.  The  fuel  system  in  this  configuration  is  repre¬ 
sented  as  an  automatic  system  for  the  KC-135  and  is  programmable 
through  an  alphanumeric  keyboard  with  a  CRT  displav  (Figure  16, 
item  10)  which  are  located  on  the  aft  center  console.  Fuel  quanti¬ 
ties  oer  tank  are  sensed  and  displayed.  Desired  center  of  gravity 
and  offload  fuel  for  refueling  purposes  are  programmed  on  the  key¬ 
board  and  monitored  through  the  displav  while  the  system  operates 
automatically.  Fuel  auantitv  can  also  be  monitored  on  a  multi¬ 
purpose  displav  (Figure  14,  item  76)  located  on  the  foward  center 
console.  The  fuel  management  CDU  is  also  used  to  program  and  cal¬ 
culate  the  center  of  gravity  for  the  aircraft,  take-off  and  landing 
data,  and  to  displav  checklists.  All  updating  of  such  information 
occurs  automatically  through  the  mission  computer. 

A  backup  fuel  switching  matrix  (Figure  14,  item  27)  identical 
to  the  one  represented  in  the  moderate  update  is  installed  for 
redundancy  and  permits  the  crew  to  manually  control  the  fuel  boost 
pumps  and  fuel  system  valves,  air  refueling  pumps  and  valves,  and 
the  fuel  dump  svstem  thereby  overriding  the  automatic  system,  if 
necessary. 

In  both  the  moderate  and  manor  update  oackaaes,  the  aft  boom 
operator's  station  (Figures  13  and  18,  respectively!  is  modified 
with  two  fuel  auantitv  indicators  which  are  repeaters  off  those 
located  in  the  cockpit  —  the  total  aircraft  fuel  quantity  and  the 
total  aerial  refuelinq  transfer  auant i tv/rate  indicator.  Addition¬ 
ally,  the  station  is  equipped  with  air  refueling  pump  control 
switches  for  the  forward  and  aft  bo^v  tanks  identical  to  those  on 
the  fuel  switching  matrix.  This  allows  the  boom  operator  to  per¬ 
form  most  refueling  functions  from  his  station  thereby  relieving 
the  copilot  of  the  task.  However,  complete  monitoring  and  control 
can  be  performed  from  the  cockpit. 
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Switching  Panels 

(Hvdraulic,  instrument  power,  and  anti-icing  controls) 

Mimimum  Update  (Fiqure  7,  item  4;  Figure  4,  item  27;  Figure  8, 
item  1) .  Hardware  design  and  equipment  location  are  unaltered 
from  the  current  KC-135. 

Moderate  Update  (Figure  10).  The  hydraulic  control  panel  (item 
21)  contains  eight  mini -toggle  switches  which  group  together  most 
of  the  hydraulic  switching  controls  previously  scattered  throughout 
the  cockpit  and  consolidate  them  on  a  single  panel  located  in  the 
overhead  switching  panels  (pump  supply  switches,  system  pressure 
switches,  and  auxiliary  pump  switches).  The  capabilities  repre¬ 
sented  are  identica1  to  the  current  KC-135. 

The  instrument  power  panel  (item  20)  is  made  up  of  three  mini- 
toggle  switches  which  consolidate  electrical  and  instrument  type  \ 

switching  functions  from  various  places  in  the  cockpit  onto  the 
overhead  panel  (battery  switch,  copilot's  instrument  power  gener¬ 
ator  switch,  and  the  IFF  antenna  selector).  The  capabilities 
represented  are  identical  to  the  current  KC-135. 

The  anti-icing  panel  (item  19)  consists  of  six  mini-toggle 
switches  and  consolidates  anti-icing  and  similar  controls  from 
various  places  in  the  cockpit  onto  one  switching  panel.  It  is 
also  located  on  the  overhead  panel  (pitot  heat,  engine  anti-ice, 

Q-inlet  heat,  window  heat  (2),  and  electronic  cabinet  cooling  fan). 

The  capabilities  represented  are  identical  to  the  current  KC-135. 

Maior  Update  (Figure  15;  items  7  and  8).  Identical  to  the 
moderate  update. 

Caution/Warnlng  Indicators 

Mimimum  Update.  Unchanged  from  the  current  KC-135  configura¬ 
tion. 

Moderate  Update  (Fiqure  9).  A  caut ion /warn ing  annunciation 
system  is  provided  to  alert  the  pilots  of  anv  malfunction  of  air¬ 
craft  systems  or  hardware.  It  consists  of  two  master  caution 
lights  (’tern  5),  one  located  in  the  qlare  shield  .in  front  of  each 
pilot,  and  a  central  caution  and  warning  liqht  panel,  (item  10) 
consisting  of  45  individual  legend  lights,  located  on  the  center 
instrument  panel.  Sensors  or  testing  devices  within  the  hardware 
automatically  cause  both  master  caution  lights  and  the  appropriate 
dedicated  caution  or  warning  light  to  illuminate  when  that  equip¬ 
ment  malfunctions.  This  alerts  the  pilot  to  take  necessary  cor¬ 
rective  action. 

Major  Update  (Figure  14).  An  electro-optical  caution  and  warn¬ 
ing  annunciator  display  (item  11)  is  represented  and  consists  of 
six  lines  of  information  to  display  cautions  and  warnings  on  a  pri¬ 
oritized  basis.  When  failures  occur,  they  are  displayed  according 
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to  their  priority.  The  top  five  lines  of  the  display  continually 
readout  the  top  five  priority  malfunctions,  if  in  fact  five  have 
occurred.  The  bottom  line  of  the  display  is  used  to  show  other 
failures  on  a  rotating  basis,  each  appearing  for  a  period  of  two 
seconds  prior  to  the  next  cvclinq  into  view  (cycling  can  be  put  on 
hold  if  desired).  Numbers  appear  on  the  right  side  of  the  display 
to  indicate  the  number  and  Driority  of  the  failures.  The  number 
opposite  the  top  line  indicates  the  total  number  of  failures  that 
have  occurred  and  the  number  following  each  successive  line  indi¬ 
cates  the  priority  number  for  the  specific  failure.  A  switch 
adiacent  to  each  disolav  line,  when  pressed,  arms  the  system  so  . 
that  the  emerqencv  procedure  checklist  for  that  failure  can  be 
automatically  displayed  on  a  CRT  on  the  aft  center  console  (Fiqure 
16,  item  10),  if  so  desired  bv  the  pilot. 

Communication,  Navigation,  and  IFF  Tuning 

Mimimum  Update.  Unchanqed  from  the  current  KC-135  except  that 
a  VHF  commun i cat i ons  radio  (Figure  8,  item  3)  is  added. 

Moderate  Update.  Represented  capabilities  remain  unchanqed 
from  the  minimum  update.  Some  equipment  additions  and  location 
changes  are  made. 

Maior  Update  (Fiqure  16).  An  integrated  commun icat i ons ,  navi¬ 
gation,  and  IFF  tuning  svstem  allows  communications,  short-range 
navigation,  and  IFF  functions  to  be  tuned  anfi  displayed  on  dual 
CDUs  (item  5)  which  are  installed  in  the  aft  center  console.  Eiqht 
frequencies  or  modes  can  be  displayed  on  each  CDU  simultaneously 
with  the  frequencies  for  a  qiven  radio  always  being  displayed  in 
the  same  position  opposite  a  specific  line  select  key.  During 
normal  operation  each  radio  is  always  tuned  from  one  or  the  other 
designated  CDU,  however,  radios  can  be  tuned  from  the  opposite  CDU 
through  a  switching  process. 

The  two  top  lines  on  each  CDU  provide  an  active  and  a  standby 
frequency  for  anv  radio.  Frequencies  are  set  throuqh  toagle 
switches  which  are  pressed  up  or  down  to  incrementally  change  anv 
digit  in  the  frequency.  A  SELCAL  (Selective  Call)  system  enables 
the  aircraft  to  he  Daged  through  the  sounding  of  a  tone  and  the 
illumination  of  a  special  SELCAL  switch.  This  feature  eliminates 
the  need  for  constant  monitoring  of  the  HF  radio.  In  addition,  a 
"transfer"  function  enables  the  interchanging  of  control  and  dis¬ 
play  between  the  pilot's  and  copilot's  CDUs. 

Horizontal  Situation  Display  (HSD) 


Minimum  Update.  Not  applicable. 

Moderate  Update  (Fiqure  9).  The  HSDs  (item  20)  are  located  on 
the  pilot's  and  copilot's  instrument  panels,  immediately  below  the 
ADIs.  The  device  replaces  the  standard  HST  and  presents  plan-view 
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naviqation  information,  radar  information,  or  a  mixture  of  both. 

The  information  on  the  display  is  controlled  through  a  switchinq 
matrix  located  adjacent  to  the  djsnlav.  Because  switchinq  func¬ 
tions  for  the  two  displays  are  independent  of  each  other,  each 
pilot  individually  selects  his  display  mode.  The  HSDs  are  used  in 
conjunction  with  the  flight  director  system,  naviqation  computer, 
and  the  integrated  navigation  control -d i splav  units.  Three  groups 
of  display  functions  are  controllable  through  the  switchinq  matrix: 
naviqation  mode  selection,  HSD  format  selection,  and  radar  and 
function  selection. 

Capabilities  represented  by  nav  mode  selection  include  the 
availability  of  computer  generated  navigation  information  to  the 
HSD  for  display  through  the  HSD  modes,  TACAN  course  guidance  in¬ 
formation  fin  conjunction  with  a  selected  course)  to  be  displayed 
on  the  HSD,  and  VOR  or  ILS  course  guidance  information  (in  con¬ 
junction  with  a  selected  course)  to  be  displayed  on  the  HSD. 

HSD  format  capabilities  include  the  display  of  the  HSI  format 
with  course  and  bearing  information  being  relative  to  either  a)  the 
computer  generated  fliqht  plan  course,  b)  a  selected  TACAN  station, 
or  c)  a  selected  VOR  station,  if  a  VOR  frequency  is  tuned  in  the 
respective  R/T  unit,  or  localizer  course  deviation  and  glide  slope 
deviation  if  an  ILS  frequency  is  tuned  in  the  selected  RT  unit.  In 
addition,  a  "map"  format  fwhich  can  also  be  modified  to  display 
plan-view  naviqation  information  to  assist  in  the  accomplishment  of 
an  ILS  approach)  is  available  as  are  holding  pattern  and  rendezvous 
pattern  formats  (with  parameters  for  these  beinq  defined  through 
the  naviqation  management  CDUs) . 

Proper  selection  of  the  HSD  radar  and  function  switches  enable 
either  radar  alone  or  ra^ar  over  laved  on  anv  HSD  format  (except 
HST )  to  be  disolaved.  Weather  radar,  qround  mappinq  radar,  and 
beacon  radar  are  available.  Through  the  use  of  a  "ranqe/scale" 
switch,  the  ranqe  of  disolaved  information  becomes  either  compat¬ 
ible  with  the  format  and/or  is  pilot  selectable.  A  "north-up/ 
track-up"  switch  allows  reorientation  of  the  displayed  format  to 
either  a  north-up  or  track-up  presentation.  A  "clutter"  switch 
either  adds  or  deletes  computer  generated  navigation  information 
(nav  aids,  airfields,  obstructions,  etc.)  from  the  "map",  "hold/ 
rz",  or  "ILS"  displav  formats  and  a  "course  set"  knob  is  provided 
which  has  the  same  function  as  that  located  on  the  HSI  of  the 
existing  KC-135.  Pictures  of  sample  HSD  formats  are  included  in 
Appendix  I. 

Major  Update  (Figure  14,  item  21).  The  only  difference  between 
the  HSDs  of  the  moderate  and  major  updates  is  that  the  HSI  format 
on  the  major  update  contains  two  (instead  of  one)  bearing  pointers 
thereby  necessitating  extra  navigation  mode  selector  switches  and 
(depending  upon  the  particular  mode  chosen)  providing  course  devi¬ 
ation  and  bearing  information  relative  to  either  identified  wav- 
points  or  naviqation  aids. 
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Navigation  Management  System 


Minimum  Update.  Not  applicable . 

Moderate  Update  (Figure  9).  The  pilot/aircraft  interface 
device  for  the  nav  management  system  consists  of  two  alphanumeric 
keyboard/CRT  control/d i solav  units  (item  25),  one  unit  located  on 
each  side  of  the  forward  center  console.  A  "control"  switch  allows 
either  pilot  to  take  control  of  the  alphanumeric  and  symbolic  key 
portion  of  the  keyboard  and  enables  him  to  insert  "scratch  pad" 
information  into  the  system  via  the  adjacent  line  keys.  Although 
something  typed  on  the  scratch  pad  appears  on  both  CRTs,  the  in¬ 
formation  can  only  be  entered  through  the  one  with  control. 

Seven  of  ten  special  function  page  keys  depicted  (page  A23) , 
plus  two  that  are  not  deDicted,  were  evaluated  during  the  mockup 
exercise.  Those  evaluated  were:  "direct  to",  "flight  plan", 
"present  position",  "nav  aids",  “fuel  status",  "hold/rz",  "flight 
plan  freeze",  "CG" ,  and  "TOLD".  These  special  function  pages 
operate  independently  of  the  control  switch  so  that  different  ones 
can  be  displayed  on  each  CDU  simplv  bv  pressing  the  specific  func¬ 
tion  kev  on  the  keyboard.  A  "waypoint  data  page"  and  "nav  aids 
data  page"  can  be  displayed  bv  first  displaying  "flight  plan"  or 
"nav  aids"  and  then  pressing  the  line  kev  adjacent  to  the  desired 
wavooint.  The  flight  plan  page  can  also  be  displayed  bv  pressinq 
the  "direct  to"  kev.  The  purpose  of  the  pages  is: 

Flight  Plan  Page  -  displays  the  sequential  list  of  3-dimen¬ 
sional  wavpoints  that  define  the  aircraft  route. 

Waypoint  Data  Page  -  displays  wavpoint  data  relevant  to  the 
Dresentlv  selected  waypoint. 

Present  Position  Page  -  displays  current  aircraft  lateral  per¬ 
formance  data. 

Navigation  Aids  Page  -  displays  identifiers  for  all  prestored 
navigation  aids,  airway  intersections  and  airfields,  arranqed 
alphabeti cally. 

Navigation  Aids  Data  Page  -  displays  all  prestored  information 
concerning  selected  navigation  aids,  intersections  and  airfields. 

Fuel  Status  Page  -  displays  fuel  auantity  per  tank  and  total. 

Holding/Rendezvous  Page  -  displays  information  on  a  designated 
holding  Dattern  or  refuelinq  track. 

The  Direct  To  special  function  displays  the  flight  plan  Dage 
with  the  added  capability  to  naviqate  from  the  aircraft's  present 
position  directly  to  a  newlv  defined  wavpoint  or  to  anv  flight  plan 
wavpoint . 
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The  Flight  Plan  Freeze  function  prevents  automatic  update  of 
the  Miuh^  p1 an  at  wavpo i nt  passage  so  that  navigation  outbound 
from  a  wavpoint  can  be  accompl i shed .  This  function  can  also  put 
the  present  position  latitude/longitude  displav  in  hold  so  that  the 
information  can  easily  he  read  and  utilized  bv  several  aircraft  in 
the  same  formation.  This  enables  them  to  crosscheck  their  naviga¬ 
tion  systems  For  proper  alignment  with  each  other  at  anv  moment 
during  flight  without  disturbing  the  automatic  updating  character¬ 
istics  of  the  mission  comouter. 

In  the  moderate  update,  the  nav  management  svstem  also  is  pre¬ 
sented  as  having  the  capability  to  compute  center  of  gravity  and 
takeoff  and  landing  data,  although  the  mechanics  for  those  opera¬ 
tions  had  not  been  programmed  into  the  svstem  at  that  time. 

CG  Page  -  displ  >vs  information  necessary  for  computation  of 
center  of  aravi tv  of  the  aircraft,  the  actual  center  of  gravity, 
and  the  center  of  gravity  limits. 

TOLD  Page  -  displays  information  necessary  for  computation  of 
takeoff  and  landing  data  and  other  TOLD  data  selected  bv  the  pilot. 

Manor  Update  (Figure  141.  The  nav  management  svstem  (item  251 
in  the  maior  update  represented  the  identical  capabilities  as  in 
the  moderate  design  except  that  center  of  gravity  and  taxonff, 
landing  data  computations  were  performed  throuqh  the  fur  manage¬ 
ment  CDU  (Fiqure  16,  item  10)  rather  than  the  nav  management 
svstem. 

Ceneral  overall  differences  in  eauioment  and  related  capabili¬ 
ties  among  the  three  update  desians  are  presented  in  Tables  2  and 
5. 


Apparatus.  The  KC-135  mockup  itself  consisted  of  an  actual 
size  KC-135  cabin  representation  which  contained  a  pilot’s  and 
copilot's  station  arranged  in  a  side-hv-side  configuration,  a 
"navigator's"  station  (used  bv  the  boom  operator)  located  behind 
the  copilot  and  facing  inboard,  and  the  inside  experimenter's 
station. 

When  the  mockuo  was  configured  with  the  minimum  update  design, 
all  controls  and  displays  were  actual  KC-135  hardware  although  few 
were  operational.  When  configured  to  the  moderate  and  maior  up¬ 
dates,  magnetized,  cardboard-backed  photographs  of  hardware  were 
used  to  facilitate  location  changes  and  eauioment  rearrangement. 

In  all  three  configurations,  the  communications  and  interior  light¬ 
ing  systems  were  operative.  In  the  minimum  update,  the  performance 
scroll  was  operative,  while  in  the  moderate  and  maior  systems  one 
CDU  of  the  navigation  management  svstem  was  programmable  and  opera¬ 
te  onal  . 


37 


I 


>1 

i 


C/.' 

tc 

c 

z 

< 

K 

C- 

E- 

Z 

w 

5" 

G. 


c 

CG 


r 

a 

x. 

<C 

(r 


c 

> 

4- 

c 

o  • 

4-! 

c 

1 

E- 

D- 

1  c 

C  v 

u 

a 

a 

>  cc 

a1 

y.  x: 

a  a' 

x 

T 

03 

X  O 

u 

r~ 

■H 

cr  x 

4 

> 

c 

X 

»-h  x  a» 

x  a> 

4  Z3 

a- 

f-1 

cr 

o 

\  X 

<b 

<u  ts  ^ 

x  > 

z  a-u 

X 

> 

c 

E 

C  *J-< 

w 

^  C  (t) 

E 

c 

c 

X 

a 

a' 

E  X 

<u 

X  U 

E- 

c  r. 

^  C 

•t- 

C 

p— ■ 

a 

X 

0 

> 

4-* 

a  o  x 

< 

X 

c  o 

•#- 

a  4 

03 

O  T-1 

X 

X 

V4^  C 

C 

X  y  4^ 

x 

(T 

4J 

to 

a 

4 

r- • 

W' 

U  X 

O. 

*-«•»“  X 

C 

> 

•  r- 

•r- 

E 

a* 

X 

a 

O' 

<D  X 

r  ^  x* 

x  c 

a 

X 

X 

a  • 

X 

<U  X 

cr 

X 

4->  <D  C 

X  X 

a  — 

X 

y 

c 

U 

•r— < 

c 

C  X  c 

X 

a 

a  a 

n  y 

X 

sr 

a  x 

E 

X  X 

X 

e 

a>  x 

c 

c 

X  y 

—  cr 

4-* 

O 

x  cr. 

i-  a( 

\ 

U  X  4-J 

a 

o  a  a 

X  -  — 

c 

c 

•*- 

03  — 

cr 

cr 

1 — 

cr 

X 

E 

< 

C  4 

—  E 

a 

x 

X 

•>—  > — 

03 

a  cr 

c 

X 

x  cr  £ 

. 

r 

E-  —  D 

4 

u 

3 

4  _!✓ 

4J  V- 

u 

•  —  u 

a 

a  >  - 

C  X 

X 

.c 

a  u 

a 

c.  a> 

X 

a> 

^  0 

X 

U  x 

•*-> 

*r~ 

X 

E- 

c  a 

E 

c 

c 

e 

(C  h  ^ 

c 

i 

*-  x 

4  > 

X 

•*- 

a: 

4  x 

X 

13 

0 

X 

X  X  c 

X 

J 

<  O  4- 

ax 

< 

5 

u 

o  o 

cr. 

CN  4-> 

a 

C/3 

4J  CJ  •- 

E 

i 

I 

X 

a*  - 

I 

cr  jt 

c 

X 

X 

cr  -  e 

! 

C  \  X 

c 

O  X  1 

c 

X 

C  tr  a 

1 

c  •- 

x  c  a 

X 

<D 

a  >  x 

c  C  £ 

X 

> 

a  x  4j 

4J 

^  x  cr 

H 

•«— 

o: 

c 

V-. 

X 

0 

Z3  X  > 

1 

w 

4J  10 

X 

c 

IT  >  *r~ 

C.' 

o 

cr 

d.  a  y. 

1 

J 

(r- 

■U  3  i- 

c 

E  x 

f — ' 

i— 

—  cr 

i 

< 

c  x  c 

> 

*-  «- 

0 

X 

X 

x  — <  x 

' 

D 

C  0  x 

u 

u 

4-  c  c 

0 

<u 

*-  X  c 

> 

a. 

c  x 

d; 

C 

cr  cr  w- 

0 

X 

d  a. 

\ 

z> 

r-  O 

4-' 

E 

>  —  4- 

X 

cr 

•« 

E  >  E 

cr 

( —  » —  •«— 

to 

a- 

tr  x  c 

*-  X 

cr 

x  a' 

hH 

l 

u; 

0.'  X  X 

x 

E 

C 

X 

X  X 

P 

U)  O'  X 

E- 

c  c 

E 

4J  E-  C 

4~ 

c  a. 

a: 

X  x 

c 

-* 

< 

03  >  — 

4 

cr 

C  C£ 

•r- 

C  x 

c 

a-  c 

CD 

i 

a 

a— 

a  c 

cr. 

c  U  X 

c  >  X 

—  a 

4-«  4— 

X 

E  u 

4-  f— 

C  c  E 

c^. 

■» 

c 

a  x  c 

r  x 

E 

Q  X  X 

X 

c  C 

cr 

c 

r~  D  — 

4  l 

r  c 

a 

a  u 

c 

X  u  > 

* 

’ 

i 

cr  x  c 

X  .- 

r— 

X  X  X 

X 

cr. 

^  4- 

cr. 

c  x  X 

cr 

c.  4  u 

a  x 

o: 

C  4J  > 

X 

K 

c  c 

X 

r  x  c: 

—  —  ft 

a  r 

” 

x  —  a- 

u 

X 

c  c 

D  X 

a 

cr.  >  ^ 

y  — < 

C 

E  5  .* 

cr  < 

L  O 

CN 

x  u  rv 

(j 

cr. 

X 

X 

*. 

C 

X 

E- 

\ 

X 

—  cr. 

a  y 

c 

X 

5  X 

X 

C  X 

c 

o 

X 

a* 

X 

•— 

■— 

cr.  a 

4 

4  a 

X 

X 

Z  -r 

(T 

y 

X  X“ 

X 

DJ 

c 

►— 

c 

►— 

X 

E- 

X 

»— 

cr 

x  cr 

< 

u 

>  c 

X 

X. 

^  Z 

C 

y 

►—  w 

a 

h- 

a 

ir 

E 

X 

X 

, — 

D 

a 

«—  c 

c 

X 

x  > 

»— < 

X 

a  c 

X 

c 

c  >- 

2: 

» 

to 

cr  a 

X  X 

c 

C 

CJ 

> 

c  a 

*—  . — 

IT 

C  X 

C  x 

4 

4-  a 

u  a 

c 

c  y 

z 

X 

a 

X  4 

4'  f— 

a 

a  zi 

t-H 

C 

c 

O  x 

c  c 

> 

>  c 

r 

a 

■— 

L 

a  ^ 

c 

C  X 

w 

c 

f—  **- 

>  4 

c 

C  X 

u 

u 

X  T 

c  c 

o 

O  L 

D 

X 

D  C 

c  c 

O 

3 

C  X 

C  L 

r\i 

r—  r\ 

F.OUTPMENT  CHANGES 


X 

C 

u 

d 

\ 

d 

ft 

d 

c 

c 

c 

X 

4~ 

ft 

<u 

1 

•  r—i 

3 

CT. 

CT 

•«— 

o 

cn 

r— < 

r-^ 

-X 

c 

d 

Uj 

4J 

c 

CL 

0 

u  t: 

c 

CT 

cn 

4- 

ft 

cn 

cn 

d 

d 

ft 

3 

d 

ft 

Q- 

u 

*rS 

c 

X 

> 

ft 

X 

E 

3 

4J 

X 

0 

O 

ft 

X 

a 

O 

d 

1 

o 

r— -. 

4- 

k- 

CT 

JX 

—■4 

E 

d 

>. 

a 

•»- 

<t 

> 

c 

o 

a; 

d 

v-i 

kJ 

u 

cn 

3: 

— - 

4- 

«. 

•*- 

ft 

4-> 

ft 

d 

c 

•r-i 

a- 

<L> 

•r- 

k_ 

JO 

JO 

u_ 

cn 

4J 

d 

X 

C 

c 

'C 

4J 

ft 

o 

> 

to 

c 

CT 

0 

d 

c 

C 

X 

4-' 

ft 

O 

to 

4~* 

d 

k, 

d 

•<■4 

a 

e 

ft 

ft 

cn 

O 

d 

k- 

4J 

3 

k- 

3t 

cn 

4J 

CT 

•— 

E 

<t 

0 

G 

cn 

D 

c r. 

ft 

ft 

c 

r — 1 

d 

d 

c 

C 

ft 

X 

E 

•f- 

JeT 

X* 

CO 

3 

r— 

£ 

r— 

cn 

0 

D 

o 

4 J 

4-J 

•r^ 

4J 

d 

a 

a 

4- 

4J 

E 

d 

E~* 

to 

C 

ft 

E 

u 

t! 

o 

3 

3 

x 

C 

p: 

■f— 

c 

■>— 

ft 

4- 

C 

ft 

ft 

0 

U 

c 

u 

0 

c 

tfi 

f c  c 

4-1-0 
C  3  -  C 

a  x  •- 

E  ft  ft 

3  k_  *  4-'  0 

k.  c  U  w  k 

4J  C  c  C  C 

IT.  E  -  C  4 

c  a c 

4-  -  4-  fc 

4  C  (T 

c  -  c  k. 

f —  o  ft  o'.  <r 

ft.  T  3  4.  C 

l  cu  a  r 

<n  Qc  c  c 

-x  - 


r  c 
r  x.  c 
c  c 


'X  - 
C  C  3 

-ft  cn 

L  If  - 

v  c  a 

o  3 


a 

c 

I  d 

a  o 

cn  3 

r-  W 

C  c  - 
k  ro  t 
■4J  C 
G  E  JJ 
COm 
U  k.  k- 
U~  0) 

u  a 
o-o  o 

4->  ft 

me  E 


ti; 

ft 

c 

k- 

a 

ft 

ft 

ft 

4.- 

D>*- 

X 

n j 

Cl 

C 

c 

U— 

cn 

k. 

4- 

c 

c 

c 

X  X 

a  •- 

C  k 

a  d 

0  0 

X 

a1 

s; 

4J 

c 

to 

* — 

a 

4  ■■ 

C  k 

>  X 

E  ■- 

d 

r— 

k. 

C 

a. 

cr 

— 

k- 

4- 

c  ^ 

C  G 

o  a> 

4J 

X 

a 

k- 

4-J 

a 

c 

•  ^- 

•*-  ft 

c  - 

0  3 

ft 

ft 

E- 

> 

4c 

D 

■*“ 

cn 

> 

4- 

V  E 

L  x 

CQ  c 

X 

3  d 
**-  l  c 
d  a 

e  i  ^  o 
c  i  — 
c  c  *— 

X  d 

d‘  4J  3 
in  C  C  4- 

cn  d  C 
H  o 
I  c 

cj  cn  cn  d 
*s  -  —  »- 

U  V- 
0  T;  3 
C  4J  (0  O 
QJ  <D  O 
U  u  r-  E 
k-j  <D  U-i  o 
a  a'*-  »-  c 
a  o  c  ^  c 


4J  cn 
4-1  W  U 
m  EC 

Wj  dJ  4_) 

O  +J'n 

k  W  c 
•-  >  c 
<  tn  £ 


H  H  0 

(t  Ci  k 
•h  3  4J 
w-  4-  c 

oj  ai  o 

<  <*  u 


f 1 i qht  deck 


x:  Q 

4J  t  i  cu 

•h  d  ti}  s: 

5  .O  05  d  03 

—  a  e  e- 

c  ^  Er  k 
O  44  -  03  (T>{J 

•h  (/]  O  ^  D 

44  •*-<  O'-  CH  C  44 

fc  t  u  O  u  c 


o 

4J  03 

ox:  o 

<D 

w 

44 

3  U 

Q  44  E 

4J 

E- 

03 

a  c 

O 

03 

< 

u 

E  03  - 

•  T,  O' 

U 

D 

o 

0  U > 

O  O  03 

d 

P. 

0  4 ->  c 

44  >  C 

T3 

D 

0 

XT  -r-< 

O  03  03 

0 

E 

O  U3 

r— <  E 

e 

« 

—  -«  c 

-  a 

O 

U ) 

4J  o  O 

W  ID  CO 

0) 

n 

0! 

<0  5  CA 

U  •-<  E 

03 

< 

E 

a;  *o  a> 

2 

O 

o  »— 1  c 

O'-  4-1 

0) 

E 

x  o  o 

CC  Ifi 

e 

rc 

ai  c  > 

03 

CO 

<  04  4J 

03  03  W 

C/3 

C 

1 

CT 

4-. 

W 

3  U) 

0  in 

U) 

1  0  D 

E  C 

d 

C  kj  kj  C 

cn  d  O 

o 

o  o'tir  u 

C  4J- 

o 

—  C  Q.JJ 

CO 

w 

•r-  IT.  4-' 

03 

4-’  —  JJ 

w 

E- 

a  >  o 

<B  £  4-  to  C 

o 

< 

^  0!  C 

4-1 

jj  e  o  k-  oj 

2 

a 

C  13 

0 

3  ra  a>  g 

w 

a, 

^  x.  y- 

r-  C 

D  u  tr  JJ  <D 

a: 

D 

CT  d 

•-  o 

£  O’  C  HJ  O’ 

w 

-  o 

a  - 

c  o  —  e  «o 

CX 

Ed 

'C  C  JJ 

— •  44 

o  t  >  n  c 

t: 

&4 

E- 

d  — 

03 

a  lo  u  to 

c 

rr 

<C 

N  O 

i-  O 

O  r-  (0  e 

03 

Q 

PE 

C  C 

03  0 

a;  o  a 

E 

d 

w 

— ■  d 

i—  r—‘ 

jj  x  to  > 

c 

CO 

i-4 

Q 

it!  E  Tj 

4-» 

fO  JJ  —  -U  10 

5 

W 

x: 

O 

u  d  i-i 

C 

e  t  c  3 

u 

M 

03 

s 

44  P  C 

d  d 

ox:  <p 

t-< 

E- 

ecu 

U  rH 

jj  j->  x.  c  a> 

cc: 

M 

d  4-,  o 

r 

3  •-  C-H£ 

a. 

*J 

O  03  0? 

03 

<  3  (0  jj  x' 

w 

M 

CQ 

< 

04 

< 

U 

0)  4-1 

«—  C 

o  d 

to 

p 

p  E 

<u 

d 

1  4J  2 

k- 

x 

C  C  u 

3 

u 

d  0  44 

•c 

O 

COD) 

u 

a.’ 

w 

d  c 

d 

o 

x: 

E- 

T3  cn 

S 

c 

a 

< 

E 

c 

X 

d 

a 

m  <D  - 

a. 

a 

4-1 

a- 

m  4-i  O 

D 

r—  0)  *r4 

a 

r — ' 

f—> 

1  >  »- 

o 

03 

05 

C  0)  3 

C 

c 

5 

txT  05 

i 

0 

o 

E 

T  V4 

*»- 

•  r— < 

•f-J 

KJ 

-p  d  x 

4-1 

4- 

4-1 

z 

C  N  > 

c 

c 

c 

h- 1 

d  —  x: 

05 

d 

d 

z 

i-i 

> 

> 

03  U 

t: 

c 

c 

D  ^  c 

c 

0 

0 

U  4J  d 

03 

CJ 

U 

w 

44 

E 

4- 

c 

d  tn 

0 

d 

44 

> 

E 

cn  c 

W.  44 

> 

d 

>  V- 

d  — 

O'' 

O' 

C/J  44 

44  > 

u 

03 

x:  c 

C  03 

d 

c 

2  C 

d  uj 

c 

03 

W  C 

c  o 

CJ 

T. 

CAPABILITIES  DIFFERENCES 


w 

U) 

14 

a> 

k-i 

<b 

i  •- 

<v 

X 

cr  -t-' 

X 

V-4 

•H  «r4 

kj 

0 

c  — 

0 

w 

x: 

0  X 

X 

Eh 

o 

C  (0 

o 

< 

<D 

a 

d 

a 

4-J 

IT)  fO 

4J 

a. 

on  U 

D 

iH 1 

t — 

(0 

1  X- 

ro 

s 

c  w 

u  c 

C 

0  <D 

*  fC 

c 

s 

■*-.  u 

W 

JJ  3 

4J  C 

4-4 

Z 

C  X 

c  0 

c 

M 

cu  a> 

Qj  *pH 

(V 

Z 

>  a 

^  4- 

£• 

c  0 

Im  <q 

c 

o  n 

a  WJ 

c 

cj  a 

U  3 

C 

An  outside  experimenter's  console  provided  a  station  for  the  two 
outside  experimenters.  It  contained  the  following:  two  AIC-T8s 
Mnterptone  control  units  with  multi-channel  transmit  and  receive 
capability! ,  communications  monitorinq  lights  which  allowed  the  two 
outside  experimenters  to  monitor  the  position  of  the  pilot's  and 
copilot's  transmitter  selector  switches  and  additionally  to  identify 
which  pilot  was  keyinq  his  microphone,  a  24-hour  hack  clock  with 
sweep  second  hand,  lights  and  lighting  controls,  fasteners  to  hold 
maps  and  charts,  a  star  table/stoppable  elapsed  time  clock,  a  CRT  re¬ 
peater  of  the  nav  management  CDU,  a  CRT  to  monitor  cockpit  activity, 
and  a  cassette  voice  recorder  for  recording  all  transmissions  be¬ 
tween  the  experimenters  and  the  crew  members. 

On  a  table  situated  next  to  this  experimenter's  console  were 
two  cassette  recorders  to  input  voice  and  aircraft  noise  into  the 
comm  system  and  a  video  tape  recorder  capable  of  recordjnq  cockpit 
activity  from  the  monitor. 

A  table  located  lust  outside  of  the  mockup's  entry  door  con¬ 
tained  an  AIC-18,  a  speaker,  and  mockup  representations  of  the 
standard  and  upqraded  aft  boom  station.  The  boom  operators  would 
sit  at  this  table  during  the  refuel inq  portions  of  their  missions. 

i'wo  other  mockups  provided  additional  representations  of  the 
moderate  and  ma-jor  updates.  These  were  used  for  crew  familiariza¬ 
tion  with  the  two  desiqns  and  also  provided  facilities  for  check¬ 
list  procedures  to  be  run  while  the  "experimental"  mockup  was  in 
use . 


The  inside  experimenter's  console  included  an  AIC-18,  a  reading 
lamp,  a  worktable,  and  the  mockup  air-conditioning  controls.  All 
experimental  apparatus  is  depicted  in  Figures  19  and  20. 


Procedures .  Three  crews  (a  pilot,  copilot,  and  boom  operator 
per  each  crew)  participated  in  the  mockup  evaluation  during  each  of 
the  three  weeks  of  data  collection.  The  same  schedule  was  followed 
each  week  and  involved  briefing/training  sessions  on  Mondav,  desiqn 
configuration  evaluations  in  the  mockup  on  Tuesday,  Wednesday,  and 
Thursday,  and  a  debriefing/crew  comment  session  on  Friday. 

The  briefing  and  training  sessions  on  Mondav  included  all  three 
crews  which  were  to  participate  for  that  week  and  consisted  of  a 
program  overview  and  briefing,  a  review  of  the  week's  schedule,  and 
short  explanations  concerning  the  questionnaires  to  be  used  in  the 
study.  The  remainder  of  that  dav  was  dedicated  to  describing  the 
design  philosophy  for  the  three  cockpit  configurations  to  be  evalu¬ 
ated  and  to  presenting  detailed  systems  briefings.  In  addition. 
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the  crews  were  qiven  shore  instructions  on  the  types  of  missions 
involved  in  the  scenario  and  suqqestions  on  wavs  to  make  the  mockup 
exercise  as  productive  as  possible. 

On  Tuesday,  Wednesday,  and  Thursday,  data  collection  ensued 
with  each  crew  beinq  briefed  in  qreat  detail  on  the  specific  air¬ 
craft  systems  to  be  flown  that  dav  and  "flvinq”  one  mission  leq  and 
one  cockpit  con f i qu rat i on  that  dav.  As  Table  4  shows,  each  mission 
leq  and  cockpit  design  were  paired  toqether  only  once  each  week,  so 
al.thouqh  each  crew  did  not  evaluate  all  possible  treatment  combina¬ 
tions,  all  combinations  were  evaluated  once  bv  the  end  of  each 
week.  This  matrix  was  followed  for  all  three  weeks  of  data  collec¬ 
tion  thereby  vieldinq  a  total  of  three  replications  for  each  mis¬ 
sion  leq/desiqn  combination. 

On  Fridav,  all  crews  for  that  week  participated  in  an  open 
debriefing  session  in  which  their  final  comments  and  criticisms 
reqardinq  the  update  designs,  mission  scenario,  program  obiectives 
and  approach,  or  any  other  pertinent  issues  were  solicited  and 
recorded . 

Prior  to  stepping  into  the  mockup,  each  crew  was  briefed  (much 
in  the  same  manner  as  in  SAC  Operations  at  their  home  bases)  about 
its  mission,  call  signs,  receivers,  and  formation  size.  Informa¬ 
tion  regardinq  communications,  taxi,  take-off,  climb,  level  off, 
ioin-up,  rendezvous,  refueling,  and  recovery  was  briefed  as  well 
as  weather  on  track  and  emergency  procedures.  If  applicable, 
"intelligence"  briefings  outlined  pertinent  political  instability. 
In  addition,  mission  kits  which  contained  completed  copies  of  all 
necessary  orefliqht  and  inflight  forms,  were  distributed,  time 
hacks  were  obtained,  and  the  crew  completed  nav  planning  and  pre¬ 
departure  tasks. 

Once  inside  the  mockup,  each  crew  was  reminded  that  the  only 
wav  it  could  reasonably  evaluate  each  design  would  be  for  each 
member  to  proiect  himself  totally  into  the  mission.  For  the  crew 
members,  this  entailed  making  believe  that  thev  were  on  an  actual 
mission:  thev  should  respond  to  and  make  anv  necessary  communica¬ 

tions,  twist  knobs,  flip  switches,  monitor  instruments  and  gauqes, 
maneuver  the  voke  and  other  controls  when  necessary,  and  in  qeneral 
act  and  conduct  themselves  as  if  thev  were  actually  flvinq  a 
tanker.  Thev  were  to  follow  these  procedures  even  though  thev  were 
receiving  no  feedback  because  the  instrumentation  was  mostly  photo- 
qraphic  representations  of  displays  and  controls  without  dynamics. 

One  area  of  this  evaluation  where  the  mockup  exercise  did  not 
resemble  the  real-world  workload  situation  involved  the  decoding  of 
secret  messages.  This  decoding  process  was  mimicked  through  the 
use  of  phonetically  transmitted  messages,  but  was  alwavs  kept  at  a 
simple  and  unclassified  level  to  avoid  the  compromise  of  any  sensi¬ 
tive  materials  or  processes. 
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Alonq  with  the  crew,  each  session  involved  a  minimum  of  four 
AFFDL  experimenters.  Two  experimenters  were  on  the  interphone 
svstem  stationed  outside  the  mockup  and  maintained  crew  communica¬ 
tion  by  interfacing  with  the  crew  as  other  aircraft  in  the  forma¬ 
tion,  qround  control  aqencies,  and  airborne  agencies.  A  third 
experimenter,  who  was  also  on  interphone,  was  located  inside  the 
mockup  and  observed  the  crew  in  action.*  The  fourth  experimenter 
also  was  on  interphone  and  was  located  inside  the  mockup  and  acted 
as  an  instructor  to  the  crew.  Because  of  the  unfamiliarity  and 
relative  sophistication  of  most  of  the  equipment  that  the  crews 
were  being  asked  to  evaluate,  it  was  the  fourth  experimenter's  lob 
to  answer  questions  on  how  anv  device  operated  and  what  capabili¬ 
ties  were  being  represented. 

Following  each  "flight",  a  questionnaire  addressing  proiected 
hardware  capabilities  and  information  duality,  workload  levels, 
svstem  requirements,  and  manv  other  related  issues  that  pertained 
to  that  particular  design  update  was  administered  to  the  crew  mem¬ 
bers.  Pilots  and  cooilots  received  identical  questionnaires  in 
ail  instances  —  therefore  responding  to  the  same  issues  —  while 
boom  operators  completed  questionnaires  which  addressed  sliqhtlv 
different  aspects  of  the  design.  Crews  were  instructed  not  to 
discuss  their  evaluations  and  opinions  with  other  crews  until  the 
Friday  debrief inq  session  because  those  other  crews  miaht  not  have 
been  exposed  to  that  configuration  in  the  mockup  setting  and  biased 
data  miqht.  have  resulted.  The  members  of  a  crew  were  permitted  to 
discuss  a  configuration  among  themselves.  In  addition,  on  Mondav 
pre-mockup  questionnaires  were  administered  which  chieflv  estab¬ 
lished  the  crew  experience  levels  and  obtained  basic  opinions 
regarding  the  adequacy  of  the  current  KC-135;  and,  after  the  third 
"fiiqht",  oost-mockup  questionnaires  were  administered  which 
addressed  "overlooked"  issues.  These  questionnaires  also  obtained 
further  comments  relating  to  crew/svstem  requirements  to  accomplish 
the  refuel inq  mission  and  allowed  the  crews  to  evaluate  and  criti¬ 
cize  the  mockup  exercise  and  the  experimental  procedures  in 
general . 

In  addition  to  the  three  design  updates,  the  subject  crews 
evaluated  the  concepts  of  designating  the  boom  operator  as  a  posi¬ 
tive  control  crew  member  and  having  the  copilot  primarily  respon¬ 
sible  for  assuming  the  navigation  tasks.  In  addition  to  positive 
control  crew  member  duties,  the  boom  operator  would  assume  qreater 
responsibility  for  a)  copvinq  and  decoding  messages  and  keeping  the 
secrets  books,  bl  reading  checklists,  cl  monitoring  the  comm  radios 
as  directed  (normally  HF1  and  communicating  as  required,  d)  record¬ 
ing  infl.iqht  data  such  as  fuel  management,  mission  progress  on  JN 
charts,  781  write-ups,  inflight  engine  data,  and  comm  logs,  e)  mon¬ 
itoring  engine  instruments  and  aircraft  subsvstem  indications, 


*  This  experimenter  also  administered  a  secondary  task  to  the 
pilots  and  copilots  as  a  workload  measure.  The  results  of  this 
"mi n i -exper iment"  are  presented  in  a  separate  document. 


f>  computing  center  of  qravitv,  takeoff  and  landinq  data,  and  Dro- 
qramminq  the  automatic  fuel  system  through  the  kevboar d/CRT  eon- 
trol/d i splav  unit  on  the  appropriate  crew  station  configurations, 
and  q)  ooeratinq  the  air  refuel inq  Dumps  from  the  aft  boom  station 
on  the  appropriate  con f i aurat i ons .  At  the  same  time,  he  would  be 
relieved  of  the  "carqo/passenqer "  duties  that  he  now  performs,  and 
these  would  be  handled  bv  the  qround  crew  and  a  desiqnated  "troon 
commander".  The  cooilot  would  perform  most  of  the  communication 
and  navigation  functions  in  addition  to  his  present  duties.  He 
would  be  responsible  for:  a)  operating  the  IFF  and  code  4  box, 
b)  programming  and  operating  the  inertial  navigation  svstem  lor  nav 
management  svstem)  and  the  doppler,  c)  operating  the  radar  includ¬ 
ing  weather,  qround-mappi nq ,  and  beacon,  and  d)  performing  the  ren¬ 
dezvous.  The  pilot  would  also  assume  increased  tasking  such  as 
additional  comm  (primarily  VHF) ,  monitoring  weather  radar,  IFF,  and 
the  nav  management  svstem.  These  measures  would  help  to  alleviate 
the  increased  workload  falling  upon  all  the  crew  members  as  a 
result  of  eliminating  the  navigator  position.  Table  5  gives  a 
general  description  of  the  tasks  that  each  crew  member  would  be 
responsible  for  handling. 


Tahle  3.  Crew  Position  Task  Allocations 


Pr edomi  nant  i  v 
Pilot  ]  Copilot  I  Boom  Op 


Bead i nq  check  1 


Launch  messaae 


FI  iaht  olann  i  nq 


:  i nq  f 1 iqht 


Inputt i nq  flight 
d1  an  into  nav  man¬ 
agement  svstem 


Monitorinq  PPSN 
and  progress 

Departure  briefings  X 


Both  All  3 

Pilots  Equal  Equal 


I 

I 


Approach  briefings  X 


A/R  fuel  control 


7uning  comm  radios 


Tuning  nav  radios 


Comm  with  Atc 


Comm  with  cell 
format i on 


Comm  with  command 
post 


*  Task  was  shared  equally  between  these  two  individuals 


I 

I 


Table  5  (cont'd).  Crew  Position 

Task 

Allocations 

Predominantly 

Both 

All  3 

Pilot  1  Copilot  I  Boom 

Op 

Pilots  Equal 

Equal 

Rendezvous  comm 


Copy  coned  messages 


Aircraft  systems 
operati ons 


Rendezvous 

navigation 


Weather  radar 


Ground  mapping 


Rendezvous  radar 


Monitoring  engine 
instruments  and  C/W 
i  ndicators 


Fuel  management 


Monitoring  flight 
instruments 


Outside  watch 


Airborne  radar 
approach  (fiv) 


Airborne  radar 
approach  (direct) 


Table  5  (cont 'd) 


Crew  Position  Task  Allocations 


Pr 

Pilot 

edomi nantl 
Copilot 

V 

Boom  Op 

Both 

Pilots  Equal 

All  3 
Equal 

Map  position 
mon i tor 

X 

AFTO  Form  781 

X 

Weight  and  balance 

X 

Flight  log 

X 

T/0,  landing  data 

X 

Determining  enroute 
power  settings 

X 

Aircraft  control: 
Takeoff 

X 

Enroute 

X 

Approach 

X 

Land i ng 

X 

Crew  coordination 
and  command 

X 

SECTION  T  I  I 


RESULTS 


T’he  data  t-o  hp  evaluated  and  d  i  scu  ssed  in  this  report  will  he 
that  data  resultinq  f rom  the  crew  responses  to  the  questionnaires 
and  their  subsequent  debriefjnq  comments.  As  Previously  mentioned, 
the  obiective  workload  measurement  data  which  resulted  from  a  pilot/ 
copilot  secondary  task  concurrent  with  the  mockup  exercise,  will  be 
presented  in  a  separate  report. 

Three  rating  scales  were  used  for  the  questionnaires.  These 
scales  are  contained  in  Appendix  II.  Scale  I  was  used  to  rate  the 
quality  of  information  on  various  displays  (i.e.  for  readability, 
content,  etc.l  and  also  to  rate  the  placement  in  the  cockpit  of  cer¬ 
tain  controls  and  displays.  Scale  II  was  used  in  proiectinq  work¬ 
load  levels,  and  Scale  ITT  enabled  crew  members  to  rate  the  capa¬ 
bilities  represented  by  certain  pieces  of  hardware  and  related  these 
to  the  "deqree  of  requirement"  for  that  hardware.  Although  these 
subiective  ratings  do  not  define  the  same  parameter  across  the 
scales,  a  0  to  10  rating  system  was  maintained  for  all  three  with  10 
representing  the  "best"  or  "most"  and  0  designating  the  "worst"  or 
"least"  on  any  continuum  that  might  exist.  All  data  ratinqs  are 
averages  based  on  the  number  of  resDondinq  crew  members  (in  all  but 
a  few  instances  that  number  was  ninel.  Data  resulting  from  ques¬ 
tions  that  did  not  require  a  ratinq  are  simply  freauencv  counts  of 
the  number  of  crew  members  who  fell  into  or  responded  to  that  cate¬ 
gory. 


First,  the  pilot,  copilot,  and  boom  operator  data  resulting  from 
the  cockpit  design  evaluations  will  be  presented.  This  data  will 
then  be  followed  with  crew  position  comparisons  of  the  post-mockup 
questionnaire  responses. 

Pilot  Design  Evaluation  Data 

In  reviewing  the  pilot  data,  the  pilots  responded  that  when  com¬ 
pared  to  the  workload  level  as  it  stands  in  the  tanker  todav,  the 
minimum  update  represented  a  moderate  increase  in  workload  while  the 
moderate  and  major  updates  represented  either  no  change  or  a  very 
slight  decrease  in  projected  workload  level.  In  evaluating  the 
capabilities  provided  by  each  design,  the  trend  was  continued.  The 
pilots  felt  the  increased  navigation  capabilities  offered  by  the 
moderate  Cx=9.13,  SD=.99)*  and  major  (x=8.22,  SD=1.55)  configura¬ 
tions’  nav  management  system  over  the  minimum's  (x=7.89,  SD=1.58) 
dual  INS  was  a  virtual  requirement  and  their  comments  demonstrated 
that  they  preferred  (and  classified  as  a  requirement)  the  advantages 
represented  by  a  horizontal  situation  display  (the  multipurpose  CRT 


*  x=average,  SD=standard  deviation 
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display  device)  as  compared  to  the  conventional  horizontal  situation 
indicator  (the  dedicated  electromechanical  instrument).  The  pilots 
also  rated  highlv  the  aircraft  engine  and  subsvstem  instrumentation 
in  the  moderate  fx  =  8.63,  SD  =  1.51)  and  major  (7=7.22,  SD  =  2.22)  con¬ 
figurations  (vertical  scale  instruments  with  digital  readout  capa¬ 
bility)  as  compared  to  the  conventional  "round-dial"  electromechan¬ 
ical  instruments  of  the  minimum  configuration  (7=6.78,  SD=2.67l.  In 
addition,  thev  more  highlv  rated  the  consolidated  cau t ion/warn i ng 
panel  of  the  moderate  design  as  comoared  to  the  scattered-around- 
the-cockpit  annunciation  lights  in  the  minimum  and  the  prioritized 
alphanumeric  listing  panel  in  the  maior  design. 

Investigation  of  the  feasibility  of  mission  accomplishment  with 
and  without  an  upgraded  boom  operator  revealed  that  the  issue  was 
reallv  not  as  important  as  the  ungraded  avionics  issue.  In  fact, 
the  oniv  time  when  the  pilots  felt  that  a  boom  operator's  assis¬ 
tance  would  be  genuinely  helpful  would  be  during  an  autopilot 
failure  or  in  the  case  of  one  pilot  incapacitation.  Other  than 
that,  Pilots  rated  mission  accomplishment  no  more  likelv  with  an 
upgraded  boom  operator.  However,  increased  navigation  cababi li¬ 
tres  (nav  management  system  vs.  dual  INS)  noticeably  enhanced  the 
probability  of  mission  accomplishment — especial Iv  if  an  autopilot 
failure  should  occur,  thus  requiring  one  pilot  to  be  hands-on-voke 
at  all  times.  The  importance  of  the  integrated  comm/nav  frequency 
tuners  (major  update),  the  control/display  unit  for  fuel  management 
and  automated  emergency  procedures  checklists  (major  update) ,  and 
the  ungraded  aft  boom  station  was  judged  to  be  very  minimal  bv  the 
pilots  for  mission  accomplishment. 

Generally,  the  pilots  rated  the  information  presented  on  the 
special  function  pages  of  the  nav  management  svstem  as  being  both 
sufficient  in  amount  and  good  (7.33)  to  very  good  (8.89)  in  quality. 
The  capabilities  provided  by  those  pages  were  rated  from  partial 
(7.21  for  takeoff  and  landing  data  paqe)  to  absolute  (9.09  for  pre¬ 
sent  position  page)  requirements.  The  most  necessary  requirements 
were  fliaht  plan,  wavpoint  data,  present  position,  direc*-  to,  and 
hoi  d/rendezvous  information.  One  interesting  observation  re)  a*-' no 
to  the  ratings  of  the  capabilities  of  the  nav  manaaement  specie' 
function  pages  is  that  the  major  update  was  consistently  ramd  lower 
(7=7.79,  SD=.80)  than  the  moderate  update  (7=8.54,  SD=.6Q'  i ' 

function  pages  even  though  those  capabilities  were  almost  -  • 

(CG  and  TOLD  pages  were  on  the  fuel  management  CDU  in  the  maio--  up¬ 
date).  Furthermore,  when  asked  to  rate  the  overall  capabili  re¬ 
presented  in  the  three  configurations  for  their  usefulness  and 
necessity  in  helping  a  3-man  crew  accomplish  the  A/R  mission,  the 
pilots  rated  the  moderate  update  the  highest  (H=9.0,  SD=1.07),  the 
minimum  second  (x  =  8.11,  SD=1.41),  and  the  major  lowest  (x=7.89, 
SD=1.31).  Possible  reasons  for  this  finding  will  be  discussed  at 
some  length  later. 

Not  unexpectedly,  pilots  rated  the  workload  level  for  the  co¬ 
pilot  to  relay  fuel  flow  information  to  the  boom  operator  during 
refueling  to  be  quite  low  (x=4.56,  SD=2.46).  Monitoring  fuel  fiow 
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on  the  other  hand  was  iudged  to  be  highest  for  the  minimum  update 
(x=6.ll,  SD= 1.90)  and  lowest  for  the  major  (7=5.0,  SD=1.20).  They 
also  indicated  that  a  minimally  experienced  crew  would  have  diffi¬ 
culty  accompl i sh ing  a  mission  with  the  minimum  configuration  but 
would  not  have  difficulty  if  flving  the  moderate  or  major  updates. 

Except  in  the  case  of  navigation  tasks,  pilots  projected  the 
percentages  of  total  workload  from  navigation,  communication,  pilot¬ 
ing,  aerial  refueling,  paperwork  and  other  tasks  to  be  nearly  iden¬ 
tical  in  the  three  different  configurations  (see  Table  6).  When 
required  to  rate  the  workload  level  itself  for  those  various  tasks 
(see  Table  71,  once  again  all  three  configurations  received  nearly 
identical  ratings  (including  those  for  navigation  tasks).  Pilot 
workload  ratinqs  for  the  mission  seqments  (see  Table  81  were  also 
nearly  identical  for  the  three  configurations  and  followed  the  same 
pattern  in  each  configuration.  Departure,  aerial  refueling, 
descent,  approach  and  landing  were  the  areas  of  greatest  workload 
while  climb  and  cruise  seqments  were  much  less  so. 

In  the  minimum  con f i gu ra t ion ,  (but  not  in  the  moderate  or  major 
update!  pilots  appeared  to  be  very  unhappy  with  the  radar  which  was 
the  same  as  is  currently  installed  in  the  KC-135.  Fuel  management 
caused  a  hit  of  concern  in  the  moderate  desiqn  while  "see  and  avoid" 
and  checklist  procedures  generated  concern  in  all  three  configura¬ 
tions.  The  workload  ratings  and  these  areas  of  concern  will  be  dis¬ 
cussed  at  some  length  later. 

Finally,  the  pilots  appeared  to  be  most  satisfied  with  equipment 
locations  in  the  moderate  (7=8.0,  SO=.6l)  and  major  (7=8.11,  SD=.35) 
updates  (locations  were  almost  identical  for  the  two  designsl  and 
onlv  marginally  satisfied  with  equipment  locations  in  the  minimal 
update  (7=6.77,  SD=.51).  They  also  said  bv  a  2-to-l  margin  that  aft 
boom  station  fuel  flow  totalizers,  pump  switches,  and  transfer  rate 
gauges  did  not  significantly  reduce  their  refueling  workload  and 
rated  the  requirements  for  such  devices  to  be  nice,  but  not  neces¬ 
sary  (7=4.83,  SD=2.06). 

Copilot  Desiqn  Evaluation  Data 

As  one  would  probablv  expect,  the  data  provided  by  the  copilots 
stronglv  mirrored  and  in  most  cases  underscored  the  pilots'  data. 

The  copilots  felt  that  the  minimum  update  represented  a  significant 
increase  in  workload  while  the  moderate  and  maior  updates  repre¬ 
sented  onlv  a  verv  slight  increase  in  projected  workload  level.  As 
did  the  pilots,  the  copilots  agreed  that  the  increased  navigation 
capabilities  offered  bv  the  moderate  (7=9.0,  SD=.50!  and  maior 
(7=8.22,  SD= 1.56)  configurations'  nav  management  system  over  the 
minimum’s  dual  INS  (T=6.56,  SD=2.79)  was  a  reauirement.  In  addi¬ 
tion,  their  ratinqs  demonstrated  that  thev  thought  the  advantages 
represented  bv  the  horizontal  situation  display  were  requirements 
as  compared  to  the  conventional  horizontal  situation  indicator. 
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Table.  6  Pilot  Projected  Percentage  Workload  as  a 
Function  of  Task  and  Design  Update 


MINIMUM 

MODERATE 

MAJOR 

Navigation  tasks 

26.11% 

22.22% 

31.67% 

Communication  tasks 

20.0  % 

21.11% 

18.33% 

Piloting  tasks 

10.0  % 

33.89% 

31.67% 

Aerial  refueling  tasks 

12.22% 

14.44% 

9.22% 

Paperwork  tasks 

5.0  % 

3.56% 

4.44% 

Other  tasks 

5.71% 

4.78% 

6.0  % 

Table  7. 

Pilot  Proiected 
Function  of  Task 

Workload  Level  as  a 
and  Design  update 

MINIMUM 

MODERATE 

MAJOR 

Navigation  tasks 

6.83 

6.0 

6.11 

Communication  tasks 

5.94 

5.33 

5.0 

Piloting  tasks 

5.67 

5.44 

5.33 

Aerial  refueling  tasks  5.33 

4.89 

4.67 

Paperwork  tasks 

3.0 

2.33 

2.33 

Other  tasks 

1.0 

3.0 

7.5 

Table  8.  Pilot  Projected  Workload  Level  as  a  Function 
of  Mission  Segment  and  Design  UDdate 


MINIMUM 

MODERATE 

MAJOR 

Departure 

6.33 

6.0 

6.11 

Climb 

5.44 

4.78 

5.0 

Cruise 

5.11 

4.33 

5.11 

Aerial  Refuel i ng 

6.56 

6.0 

5.78 

Descent 

6.63 

6.0 

5.0 

Approach  and  Landing 

7.0 

6.38 

6.22 

1 
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Ai  bo  Hke  the  pilots,  the  copilots  preferrer  m* 
SD= 1.13)  and  major  (x=7.78,  SD=1.56)  system- 
and  svstem  instrumentation  with  djqital  read  v 
the  minimum's  fx=6.44,  SD=2.40]  round-dial  .  r 
hiqhly  rated  the  concept  of  placing  all  carto¬ 
on  one  centralized  panel  as  in  the  moderat  ■' 
However,  the  copilots  gave  higher  ratings  to  t‘. 
numeric  cauti on/warninq  pane]  in  the  major  d, 
than  did  the  pilots  (Y=6.44,  SD=1.36). 


•  "•rate  (>T=7 .33, 
:al  scale  engine 
■  compared  to 
•ntSr  and  most 
- n i na  indicators 
'■'"  =  8.33,  SD=  1.0) 
■oritized  alpha- 
x  =  7.56,  SD=1 . 74 ) 


As  did  the  pilots',  the  copilots'  ratings  suggested  that  the 
issue  of  upgrading  the  boom  operator  was  not  as  -ritical  as  that  of 
upgrading  avionics,  althouqh  the  concept  of  making  the  boom  operator 
a  positive  control  crew  member  was  highly  regarded.  The  copilots 
felt  that  an  autopilot  failure  and,  to  a  lesser  ien-ee  the  incapaci¬ 
tation  of  one  pilot,  might  be  the  only  instances  when  an  upgraded 
boom  operator  would  enhance  the  prospects  of  mission  accompl ishment . 
However,  the  copilots  were  not  as  emphatic  as  the  pilots  in  saving 
that  the  increased  capabilities  represented  by  the  nav  management 
svstem  qreatlv  increased  the  probabilitv  of  mission  accomplishment 
as  compared  to  a  dual.  INS,  but  once  again  thev  agreed  that  a  system 
which  included  an  integrated  comm/nav  frequency  run  -r ,  a  control/ 
disolav  unit  for  fuel  management  and  automatic  emergency  checklist 
disdav  (major  update],  and/or  an  uoqraded  aft  boom  station  was 
unnecessary  to  get  the  job  done. 


Almost  without  exception,  the  copilots  rated  the  information 
Dresented  on  the  special  function  pages  of  the  na'-  management  svstem 
as  being  both  sufficient,  in  amount  and  qood  (T.Pb-M  to  verv  qood 
(9.01  in  qualitv.  In  most  cases,  the  capabilities  provided  bv  those 
oages  were  rated  as  nearlv  absolute  requirements  '7.0  for  center  of 
gravity  data  paae  to  9.11  for  flight  plan  cage;  with  flight  plan, 
wavpoint  data,  present  Dosition,  direct  to,  and  ho 1 ^/rendezvous 
information  being  regarded  as  the  most  important.  Unlike  the 
pilots,  however,  the  copilots  did  not  rate  the  manor  svstem  as  less 
desirable  than  the  moderate  and  in  fact,  when  they  -ated  the  overall 
capabilities  of  each  configuration  in  helping  to  accomplish  the  A/R 
mission,  the  trend  was  in  favor  of  increasing  1  : : cation  with 

the  minimum  update  being  given  the  lowest  ra‘ • ■  ■  "  25,  SD=1.86) 

and  the  moderate  and  major  being  rated  much  •  -^derate: 

x  =  8.89,  SD= .  60 ;  manor:  5?  =  9.11,  SD=.601.  r  ,  the  pilots 

had  rated  the  major  slightly  below  the  mode  gn  in.  effective¬ 

ness  for  accomplishing  the  A/R  mission. 


The  copilots  yielded  almost  identical  rr w  :.s  the  pilots  when 
rating  their  workload  level  to  rel.av  fuel  fi  information  to  the 
boom  operator  during  refueling  (copilots'  rating*  T=4.67,  SD=2.18; 
pilots'  rati  nq:  31=4.56,  50=2.461  .  The  copi  '•  of  s  also  iudged  the 
monitorinq  of  fuel  flow  to  be  highest  for  the.  minimum  update 
(7=6.11,  SD=1.831  and  lowest  for  the  manor  fx  =  '.'>S.  ”0=1.191. 

Unlike  the  pilots,  thev  thought  that  a  minima11'.’  experienced  crew 
would  have  no  substantial  difficulty  flvino  ar”  *  she  three  design 
conf i our at  ions. 
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The  copilots  r-  ■<'  the  percentages  of  total  workload  com- 

i  no  from  naviqatio>  mi  cation ,  piloting,  aerial  refueling, 

paoerwr  r ’<  and  oth>  -•  :  -■  uo  he  verv  close  in  all  three  configura¬ 

tions  (see  Table  01.  hen  rating  the  workload  level  itself  for 
those  tasks,  the  rat  were  even  closer  in  the  three  configura¬ 
tions  Isee  Table  10  ■’  vough  the  copilots  qave  sliahtlv  hjqher 

workload  ratines  f<-  rbnimum  configuration  than  for  the  moderate 

and  maior  durinq  *■ v  .on  seqments  (aerial  refueling,  descent, 

aporoach/land i nq l ,  ern  similar  to  that  demonstrated  bv  the 

pilots  resulted;  t  ;;  ‘s,  departure,  descent,  approach  and  landing 

were  iudqed  to  be  thr-  >reas  of  highest  workload  (see  Table  111. 
Aerial  refueling  war  ! ven  a  higher  workload  rating  in  the  minimum 
con  f  i  qurat  i  on  (7=6."  Bn=1.72)  than  in  either  the  moderate  (7=4.89, 

SD=2.26)  or  major  f“  "  .  'T- ,  SD=1.861  svstem  which  were  also  very 
close  to  the  ratings  or  the  climb  segment. 

The  copilots'  daf.  suggested  a  slight  concern  about  the  radar  in 
the  minimum  conf iqura- i on  and  also  a  slight  concern  about  accom¬ 
plishing  check! ists  in  nil  three  configurations.  "See  and  avoid" 
was  -iudqed  bv  half  th<~  copilots  in  all  three  desiqns  to  be  so  diffi¬ 
cult  to  accomplish  f h  •  t  it  might  pose  a  problem.  As  mentioned 
before,  the  see  and  avoid  issue  will  be  discussed  at  some  length 
later . 

The  copilots  were  >  tightly  more  satisfied  with  the  equipment 
locations  in  the  mod^a-e  nr=7.25,  SD=.7U  and  major  (7=7.49, 

SD=.55l  updates  than  n  the  miminum  (7=6.77,  SD=.67)  and  thev  indi¬ 
cated  by  a  2-to-l  maruin  that  aft  boom  station  fuel  flow  totalizers, 
pump  switches,  and  transfer  rate  gauges  si gn i f i can t lv  reduced  their 
workload  during  ref ue  •  i no  but  that  requirements  for  such  equipment 
were  marginal  (x=6.~7..  .10  =  1.69!  . 

Boor"  operator  Design  Evaluation  Data 

The  boom  operator*-  •■•ere  sliqhtlv  less  satisfied  with  equipment 
locations  in  all  three  configurations  (minimum:  T=7.34,  SD=.47; 
moderate:  7=7.06,  go--.  ’8;  major:  7=7.5,  SD=.471  than  either  the 

pilots  or  copilots  •<-  sir  data  did  not  differ  noticeably  among 
the  three  configurat  -ns.  Bv  a  sizeable  majority  (a  3-to-l  margin!, 
the  boom  operators  f  \.z  was  necessary  in  all  three  configurations 
to  have  both  the  cer  *  >v  '-onsole  area  and  the  old  nav  station  acces¬ 
sible  to  them;  in  ace  ..ion,  by  an  8-to-l  margin,  they  liked  the  way 
a  proposed  crew  seat  an  "L"  shaped  track  maneuvered  between  the 
two  crew  stations. 

Unlike  the  pilots  and  copilots,  the  boom  operators  indicated 
that,  even  in  the  minimum  configuration,  there  was  sufficient  time 
to  perform  "see  and  avoid"  duties  (minimum:  2-to-l  margin;  moderate 
and  major:  7-to-2  marqins!.  However,  when  asked  to  rate  the  over¬ 
all  capabilities  presented  in  the  three  configurations  to  accomplish 
the  A/R  mission  with  a  '-man  crew,  a  trend  similar  to  that  yielded 
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Table  9 .  Copilot  Projected  Percentaqe  Workload  as  a 
Function  of  Task  and  Design  Update 


MINIMUM 

MODERATE 

MAJOR 

Navigation  tasks 

40.0  % 

35.0  % 

35.0  % 

Communication  tasks 

22.78% 

29.0  % 

26.11% 

Piloting  tasks 

9.06% 

13.89% 

12.89% 

Aerial  refueling  tasks 

14.11% 

11  .0  % 

11.89% 

Paperwork  tasks 

9.0  % 

6.56% 

9.0  % 

Other  tasks 

6.78% 

5.67% 

4.56% 

Table  10.  Copilot 
Functi on 

Proiected 
of  Task 

Workload  Level  as  a 
and  Design  Update 

MINIMUM 

MODERATE 

MAJOR 

Navigation  tasks 

7.22 

6.44 

6.28 

Communication  tasks 

5.44 

5.56 

5.67 

Piloting  tasks 

3.78 

3.33 

3.89 

Aerial  refueling  tasks 

4.67 

4.44 

4.0 

Paperwork  tasks 

3.88 

3.78 

3.56 

Other  tasks 

- 

3.88 

3.38 

Table  11.  Copilot  Proiected  Workload  Level  as  a  Function 
of  Mission  Segment  and  Design  Update 


MINIMUM 

MODERATE 

MAJOR 

Departure 

5.89 

5.78 

5.56 

Climb 

5.11 

5.0 

5.44 

Cr  u i se 

4.0 

3.44 

4.44 

Aerial  Refueling 

6.22 

4.89 

5.22 

Descent 

6.78 

5.88 

5.78 

Approach  and  Landing 

7.44 

6.5 

6.67 

bv  the  pilots  emerqed  —  that  is,  the  boom  operators  rated  the  mini¬ 
mum  update  as  the  lowest  (7=6.5,  SD=1.87),  the  moderate  as  the  hiqh- 
est  (7=7.88,  SD=1.13),  and  the  maior  about  midv.av  between  the  two 
(7=7.17,  SD=l . 33 ) . 

When  boom  operators  assessed  their  projected  percentaqe  of  total 
workload  cominq  from  naviqation,  communication,  aerial  refueling, 
paperwork,  fuel  management  tasks,  weiqht  and  balance  calculations, 
see  and  avoid,  and  general  free  time,  onlv  naviqation  tasks  and 
paperwork  tasks  demonstrated  chanqes  of  more  than  5%  for  the  three 
configurations  (see  Table  121.  Apparentlv,  increased  avion’cs 
sophistication  convinced  the  boom  operators  that  their  paperwork 
would  decrease  (min:  16.1%,  mod;  12.1%,  mai:  9.5%1  but  not  their 
navigation  tasks  (min:  10.8%,  mod:  6.7%,  mai:  15%1. 

Except  for  naviqation  tasks,  there  were  no  sizeable  chanqes 
across  the  three  conf iqurations  when  the  boom  operators  rated  the 
workload  level  itself  for  the  aforementioned  tasks  (see  Table  13). 

In  addition,  the  boom  operators  felt  that  a  2  pi lot/l  boom  operator 
crew  could  safely  and  adequatelv  perform  a  mission  with  the  minimum 
configuration  (by  a  5-to-3  margin)  and,  even  more  so,  with  the  mod¬ 
erate  or  major  design  (bv  8-to-l  and  9-to-0  margins,  respectively), 
provided  that  SAC  designated  the  boom  operators  as  positive  control 
crew  members. 

Thev  did  feel  that  transfer  fuel  flow  rate  and  totalizer,  aerial 
refueling  pumps  switches,  and  aircraft  fuel  totalizer  increased 
their  workload  durinq  refuelinq  (7-to-2) ,  somewhat  jeopardized 
safety  (5-to-4),  and  made  aerial  refueling  procedures  more  compli¬ 
cated  (2-to-l ).  Thev  did  not  feel  there  was  much  of  a  requirement 
for  these  controls  in  either  the  moderate  (7=5.0,  SD=3.66)  or  major 
(7=5.64,  SD=4 . 07 )  update  and  although  the  aft  boom  station  was  iden¬ 
tical  in  both  designs,  the  boom  operators  rated  its  quality  higher 
in  the  moderate  than  in  the  major  (moderate:  7=6.71,  SD=1.98; 
major:  7=5.63,  SD=1.67).  It  should  be  pointed  out  that  the 

"requirements"  ratings  were  extreme Iv  varied  (ranging  from  0  to  10 
in  both  the  moderate  and  major  updates)  as  is  shown  by  the  large 
standard  deviations  in  relation  to  the  averages.  The  capabilities 
represented  by  havinq  the  same  computerized  weiqht  and  balance  cal¬ 
culations  and  takeoff /land ing  data  calculations  located  in  a  more 
available  position  to  the  boom  operators  in  the  major  design  prob- 
ablv  caused  them  to  rate  those  cababilities  higher  in  the  major 
(7=8.5,  SD=1 . 07 )  than  in  the  moderate  update  (7=7.56,  SD=.53).  In 
addition,  the  boom  operators  thought  that  automatic/programmable 
fuel  management  and  emergency  checklist  displayed  on  a  CRT  were  at 
least  partial  requirements  (7.63  and  7.0,  respectively). 

Pilot  And  Copilot  Post-Mockup  Data 

In  reviewing  the  pilots’  post-mockup  questionnaire  data,  it 
became  apparent  that  there  was  a  wide  variance  of  opinion  as  to  how 
effectively  the  boom  operator  could  be  utilized  for  certain  tasks. 


Table  12.  Boom 

as  a 

Operator  Projected  Percenn 
Function  of  Task  and  Desicn 

ae  Workload 
Update 

MINIMUM 

MODERATE 

MAJOR 

Navigation  tasks 

10.78% 

6.67% 

15.0  % 

Communication  tasks 

16.44% 

15.44% 

17.22% 

Aerial  refueling  tasks 

37.78% 

40.56* 

37.78% 

Paperv'ork  tasks 

16 . 11% 

12.1  ! 

9.56% 

Fue1  management 

3.33% 

4.0  * 

3.89% 

Weight  and  balance 

4.78% 

3.44% 

4.11% 

See  and  avoid 

6.66% 

6.33% 

4.0  % 

Free  time 

3. 56% 

3.33% 

1.56% 

Other  (not  listed  abovel 

1.0  % 

6.73% 

5.78% 

Table  13.  Boom 
as  a 

Operator  Projected  w^rk  o 
Function  of  Task  an c  Der 

ad  Level 
an  Update 

MINIMUM 

MODERATE 

MAJOR 

Navigation  tasks 

5.5 

3.89 

4.67 

Communication  tasks 

5.44 

5.56 

5.67 

Aerial  refueling  tasks 

6.94 

7.2? 

6.22 

Paperwork  tasks 

5. 56 

4.56 

4.89 

Fuel  manaaement 

2.88 

3.1  1 

3.56 

Weiqht  and  balance 

2.89 

3.33 

3.11 

See  and  avoid 

3.63 

3.56 

2.89 

Free  time 

2.38 

2.13 

2.13 

This  fact  mav  bo  martially  due  to  reluctance  on  the  part  of  the 
pilots  to  utilize  a  non-rated  crew  member  to  perform  tasks  previ¬ 
ously  accompl  ishe<‘  nv  a  rated  one.  It  probao.lv  also  explains  why 
the  areas  of  highest  aqreement  were  ones  in  which  the  boom  operator 
mav  have  had  prior  experience  or  where  the  task  might  be  very  easy 
to  accomplish.  Examples  of  such  tasks  were  see  and  avoid,  fuel 
monitor,  weight  and  balance  computations ,  emergency  backup,  copy/ 
decode  messages,  anc  Dosition  recording.  In  general,  this  also  held 
true  for  the  copilots'  data. 

Both  pilots  and  copilots  saw  very  little  need  for  a  "boom 
engaged"  light  on  the  copilot's  side  in  addition  to  the  one  on  the 
pilot's  side  (as  'eng  as  the  pilot's  was  clearly  visible  to  the  co¬ 
pilot).  In  addition,  pilots  and  copilots  strongly  agreed  on  the 
types  of  commun icat ’ on  and  navigation  equipment  necessary  for  a 
three-man  crew.  -or  example,  two  UHF,  one  VHF,  and  one  HF  radio  is 
the  minimum  necessarv  comm  equipment,  with  the  copilots  also  wanting 
at  least  one  FM,  and  both  pilots  and  copilots  indicating  that  SELCAL 
would  not  be  required,  hut  is  desired.  Requirements  for  the  naviga¬ 
tion  equipment  include  a  nav  management  system,  a  dopoler,  VOR/ILS, 
a  TACAN,  ADF ,  ground  mapping  radar,  and  dual  INSs.  No  requirement 
exists  for  an  accelerometer  in  the  opinion  of  both  the  pilots  and 
copi lots . 

When  vertica.  .--'ate  instruments  were  used,  both  groups  identi¬ 
fied  a  requiremen:  -r  selectable  diqital  readout  capability.  Thev 

also  recommended  ;  ,  navigation  functions  integrated  into  one 

control/d i splav"  eing  the  minimum  avionics  update  level  for  a 

three-man  fliqht  -  crew.  For  a  two-man  fliqht  deck  crew, 
the  groups  split  c  nt  evenly  between  incorporating  all  navigation 
functions  into  one  ntrol/d isplav ,  and  incorporating  all  communi¬ 
cation  and  navigation  functions  into  a  singular  control/display  as 
a  minimum  avionics  update  level.  The  copilots  indicated  a  greater 
requirement  for  all  annunciations  to  be  on  a  CRT  with  a  computer¬ 
ized  priority  listinq  than  did  the  pilots  (copilots:  7=6.56, 

SD= 1.88;  pilots:  “=4.44,  SD=t.60),  but  both  groups  indicated  about 
the  same  requirement  for  having  emergency  checklists  integrated 
with  the  annunciator  panel  and  automatically  displaved  on  a  CRT 
(copilots:  7=5.31  SD=2.40;  pilots:  7=4.89,  SD=2.07). 

Both  groups  ranged  the  fullv  centralized  annunciator  panel  as 
their  first  choice  or  a  KC-1 35  caution/warning  system  (pilots  bv  a 
2-to-l  margin  and  copilots  bv  5-to-4),  but  a  close  second  was  the 
diqital  al  phanumer  ’  o  readout  with  a  prioritized  listing.  Neither 
group  reallv  cared  -o  keep  the  present  scattered-around-the-cockpi t 
cauti on/warn i nq  indicators  as  a  viable  alternative. 

The  pilots  regarded  an  HSD  as  more  of  a  requirement  (7=9.56, 
SD=.73)  than  did  the  copilots  (7=8.2?,  SD=1.9?),  and  both  qroups 
rated  the  five  HSC  nformation  categories  —  svmbol  generated  map, 
weather  ngdar  ,  HSI.  -.round  mapping  radar,  and  beacon  —  as  heinq 
required  formats  on  the  display  (ratings  ranged  from  a  pilot/ 
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copilot  average  of  8.61  for  the  symbol  generated  map  to  9.34  for 
radar  beacon).  HSD  information  overlays  which  were  highly  rated  as 
requirements  bv  pilots  and  copilots  were  map  with  weather  (x=9.22, 
SD=. 71)  and  map  with  beacon  (x=8.39,  SD=.90),  but  the  pilots  rated 
the  requirement  for  map  with  ground  map  noticeably  higher  than  the 
copilots  (pilots:  3c  =  9.0,  SD=1.12;  copilots:  TT=7.67,  SD=1.80). 
Neither  qroup  rated  the  requirement  for  a  color  HSD  as  opposed  to  a 
black  and  white  HSD  very  highly  (pilots:  x=6.11,  SD=2.23;  copilots: 
S=6.67,  SD=1. .  67 )  . 

The  mockup  process/evaluat ion  received  qenerallv  favorable  marks 
from  pilots  and  copilots  alike,  with  both  qroups  leaning  toward  the 
belief  that  the  unrealistic  aspects  of  the  mockup  mav  have  caused 
them  to  underestimate  the  difficulty  of  tasks  involving  navigation, 
piloting,  and  rendezvous  procedures. 

Boom  Operator  Pre  And  Post-Mockup  Data 

In  both  the  pre  and  post-mockup  quest ionnar ies ,  the  boom 
operators  indicated  that  they  would  be  verv  eager  to  perform  in¬ 
flight  duties  that  they  do  not  now  perform  (assuming  an  increase  in 
rating  and  pay).  When  given  a  list  of  various  tasks  connected  with 
the  tanker  mission  and  asked  which  required  no  training  and  which 
required  some  training,  the  boom  operators  demonstrated  a  notice¬ 
able  shift  of  opinion  for  only  a  few  of  those  items  between  pre  and 
post-mockup  inquiries.  Monitoring  present  position  and  progress, 

A/R  fuel  control,  monitoring  qround  mapping  radar,  and  monitoring 
fliqht  instruments  all  demonstrated  the  identical  degree  of  shift 
and  in  the  same  favorable  direction.  That  is,  after  the  mockup 
exercise,  three  boom  operators  had  chanqed  their  opinions  and 
thought  those  tasks  couid  be  performed  with  no  training  rather  than 
with  some  train!  nq.  A  maiori.tv  of  boom  operators  thouqht  the  fol¬ 
lowing  tasks  required  at  least  some  traininq:  copvinq  and  decoding 
messaqes,  mon’torinq  PPSN  and  proqress,  rendezvous  communication, 
monitoring  weather  radar,  monitorinq  qround  mappinq  radar,  airborne 
radar  approach,  map  readinq,  completing  the  fliqht  log,  and  comput¬ 
ing  takeoff  and  landing  data. 

As  did  the  pilots  and  copilots,  the  boom  operators  qave  verv 
favorable  remarks  to  the  mockup  evaluation  and  mission  scenario 
while  indicating  that  they  mav  have  underestimated  onlv  navigation 
and  rendezvous  tasks  for  relative  difficulty. 


SECTION  IV 


DISCUSSION 


As  stated  previously,  the  tanker  mission  is  quite  complicated 
and,  as  a  result,  crew  members  feel  that  eliminating  the  navigator 
position  could  be  costlv  in  many  wavs.  With  a  desiqn  as  repre¬ 
sented  in  the  minimum  update  configuration,  thev  feel  that  safetv 
could  be  -jeopardized  and  chances  for  mission  accomplishment  would 
be  reduced.  Their  suggestions  to  enhance  safety  procedures  and 
mission  accompl ishment  with  a  reduced  crew  complement  include  not 
onlv  relocation  of  present  and  useful  KC-135  avionics  hardware,  but 
also  significant  upgrading  of  that  equipment  which  has  become  out¬ 
dated  bv  advances  in  technoloqv  or  has  outlived  its  usefulness  alto¬ 
gether.  For  example,  if  two  items  were  chosen  which  would  comprise 
the  onlv  two  pieces  of  hardware  to  be  added  to  the  tanker  in  the 
event  of  a  reduction  of  crew  size,  the  pilots  and  copilots  alike 
would  choose  the  navigation  management  system  and  the  horizontal 
situation  display.  These  two  pieces  of  hardware  represent  a 
manor itv  of  the  functions  that  the  navigator  now  performs  and  supply 
all  the  critical  parameters  necessary  for  tanker  mission  accomplish¬ 
ment. 

Although  not  explicitly  stated  bv  the  crew  members,  the  reason 
for  the  desirability  of  these  particular  devices  is  quite  simple. 
That  is,  thev  provide  to  the  pilot  and  copilot  a  visual  and  mental 
representation  of  exactly  how  the  aircraft  is  oriented  in  space  and 
time.  Currently,  the  naviqator  is  the  onlv  crew  member  who  can  pro¬ 
vide  this  quick  and  precise  description  of  aircraft  positioning  in 
relation  to  the  flight  plan  and  other  aircraft  in  the  formation. 
Primarily  this  is  so  because  the  navigator  works  at  and  updates  his 
information  regularly,  especially  during  overwater  and  high  latitude 
missions. 

Within  the  last  several  years,  advances  in  computer  technology 
have  enabled  navigation  techniques  to  become  highly  automated.  in 
fact,  there  are  several  navigation  systems  currently  in  use  commer¬ 
cially  which  yield  superb  space/time  orientation.  The  tanker  sce¬ 
nario,  however,  is  vastly  different  from  that  of  commercial  air¬ 
liners,  and  the  limited  capability  information  displays  provided  bv 
most  commercial  off-the-shelf  navigation  svstems  are  not  sophisti¬ 
cated  or  flexible  enough  to  sufficiently  download  the  tasking  of  a 
KC-135  pilot  or  copilot  without  a  navigator.  As  some  crews  empha¬ 
sized,  the  result  of  such  a  move  would  be  to  take  one  pilot  and 
effectively  make  him  a  naviqator. 

This  is  perhaps  the  manor  reason  behind  the  almost  total  ac¬ 
ceptance  bv  the  SAC  crews  for  a  navigation  system  as  envisioned  in 
the  moderate  and  manor  updates.  This  system  could  display  sequen¬ 
tially  as  many  as  six  or  seven  waypoints  at  one  time  and  was  repre¬ 
sented  as  having  the  storage  capacity  to  "remember"  (and  display 


with  a  slew  switch)  an  almost  infinite  number  of  them.  In  addition, 
the  system  could  store  the  identifiers  for  all  the  nav  aids  in  the 
world,  anv  one  of  which  could  be  entered  as  a  waypoint  in  the  flight 
plan  throuqh  less  than  ten  keypunches.  Fuel  status  was  constantlv 
updated  by  the  mission  computer,  as  was  the  aircraft's  present  posi¬ 
tion  in  relation  to  the  Flight  plan  and  waypoint  data  (estimated 
time  of  arrival,  time  and  distance  to  wavpoint),  while  the  flexi¬ 
bility  to  perform  CG  computations  and  calculate  take-off  and  landing 
data  was  always  there.  Holding  and  rendezvous  patterns  could  easilv 
be  programmed  in  three  steps  and  could  be  inserted  into  the  flight 
plan  in  two  or  three  steps. 

While  the  nav  management  svstem  provided  the  mental  and  sequen¬ 
tial  imaqe  necessary  to  stay  on  the  flight  plan,  the  horizontal 
situation  display  provided  the  visual  image  for  it.  The  importance 
of  such  a  display  cannot  be  overestimated  given  the  fact  that  a 
navigator  will  almost  constantlv  have  his  charts  in  front  of  him 
and,  at  the  same  time,  will  be  relying  on  radar  for  weather,  forma¬ 
tion  position,  and  nav  information.  In  the  absence  of  the  navi¬ 
gator,  this  type  of  information  must  be  available  to  both  pilots 
upon  demand  and  this  was  lust  one  type  of  format  that  was  select¬ 
able.  A  map  could  be  selected  as  either  north-up  or  track-up  and 
weather,  qround  mapping,  or  beacon  radar  modes  could  be  overlayed 
upon  the  map.  Of  course,  holding  and  rendezvous  patterns  could 
easilv  bp  routed  around  weather  cells  and  the  radar  sweep  control 
would  allow  auick  determination  of  distance  and  heading  to  anv 
particular  target. 

An  additional  plus  as  far  as  the  pilots  were  concerned  was  that 
both  HSDs  operated  independently  so  that  two  different  formats  could 
be  disdaved  on  the  front  panel  and,  at  the  same  time,  provided  the 
necessary  redundancy  should  one  of  the  displays  fail.  Finally,  the 
ability  to  overlay  certain  tvpes  of  radar  over  a  visual  rendering  of 
space  positioning  greatly  reduces  the  amount  of  around  the  cockpit 
scanning  that  is  now  necessarv.  This  eliminates  the  requirement  for 
the  pilot  to  mentally  calculate  or  interpret  the  relative  locations 
of  the  flight  plan  points  and  the  radar  returns.  For  additional 
assistance,  certain  other  flight  parameters  are  also  displayed  on 
the  HSD .  Thus,  instrument  monitoring  is  made  much  simpler  by 
decreasing  the  amount  of  area  to  be  frequently  checked. 

Investigations  of  the  results  of  data  dealing  with  other  mod¬ 
erate  and  maior  update  refinements  demonstrated  that  the  tanker 
mission  (as  performed  without  a  navigator)  can  be  further  enhanced 
through  more  logical  grouping  together  of  certain  systems/subsystems 
displays  and  controls.  The  space-saving,  solid-state,  vertical 
scale  instruments  were  rated  highly  by  the  pilots  and  copilots  not 
onlv  because  of  their  convictions  that  such  svstems  would  be  easier 
to  monitor  and  see  in  general,  but  also  because  the  engine  instru¬ 
ment  and  hvdraulic  oil  auantitv  and  pressure  indicators  had  been 
consolidated  into  geoa raph i ca 1 1 v  contiguous  areas.  The  effect  of 
this  was  again  the  reduction  in  the  area  which  needed  to  be  scanned. 
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Additionally,  the  inclusion  of  a  caution/warning  annunciator  panel 
in  the  moderate  update  virtually  eliminated  the  necessity  for  both 
pilots  to  check  "behind"  them  for  malfunctions. 

The  one  area  where  design  trades  were  compromised  in  comparison 
to  the  present-day  tanker  was  on  the  fuel  panel.  The  importance  of 
a  schematic/d iagrammatic  type  approach  in  designing  an  alternative 
fuel  panel/switching  matrix  was  underestimated.  To  paraphrase  one 
copilot,  it  mav  be  bulky  and  antiquated,  but  it's  simple  to  learn, 
easy  to  operate,  and  difficult  (if  not  impossible)  *-o  accidentally 
flip  the  wrong  switches.  The  fuel-switching  matrix  /id  not  retain 
the  schematic  flow  as  represented  on  the  old  fuel  panel  and  this 
fact,  in  coniunction  with  the  poor  location  of  the  matrix  in  the 
moderate  update,  yielded  heavy  criticism  from  the  crews.  In  dis¬ 
cussing  the  problem,  all  crew  members  agreed  that  as  long  as  some 
diagrammatic  representation  was  available  close  to — or  overlaid 
upon — the  switching  matrix,  the  fuel  panel  size  could  be  reduced  bv 
utilizing  smaller  switches  and  incorporating  digital  readouts 
instead  of  the  fuel  gauges.  It  was  thought  that  this  avenue  would 
yield  a  similarly  simple  and  fail-safe  fuel  panel  with  significant 
real  estate  savings.  This  approach  will  be  further  evaluated  during 
simulation . 

In  the  results  section  it  was  pointed  out  that  manv  crew  members 
thought  there  would  be  insufficient  time  for  "see  and  avoid"  in  anv 
of  the  three  designs  evaluated.  Although  this  finding  mav  have 
resulted  from  the  fact  that  the  navigator  had  been  eliminated  and 
now  all  crew  members  had  to  assume  extra  responsibilities  leaving 
insufficient  time  to  monitor  outside  the  cockpit,  there  mav  be 
another,  more  plausible  explanation  for  this.  That  is,  given  the 
mockup  environment  (the  opaque  windshields  negated  seeing  anythinq 
outside  even  if  looking  in  that  direction)  and  the  rapid  Dace  of  the 
mission  which  the  experimenters  set  up,  the  crews  never  really  had 
to  address  the  see  and  avoid  issue.  Every  crew  was  artificially 
moved  from  one  high  workload  segment  to  another  high  workload  seg¬ 
ment  with  verv  little  time  in  between.  An  examole  of  this  was  the 
Lorinq  AFB  to  the  United  Kingdom  fiqhter  deplovment  which  would  take 
seven  to  eiqht  hours  real  time,  but  only  lasted  approx i mate  1 v  two  to 
three  hours  as  a  mockuo  exercise. 

This  line  of  reason i  nq  is  further  substant iated  bv  the  work¬ 
load  data  resulting  from  t.he  experiment.  It  was  noted  in  the  re¬ 
sults  section  that  the  projected  workload  for  both  pilots  and  co¬ 
pilots  was  verv  nearly  equal  for  each  flight  segment  across  all 
three  desiqn  updates.  The  key  word  here  is  "proiected" .  Because 
the  crews  were  pretendinq  to  be  flvinq  a  mission,  and  further,  were 
nroiectinq  the  ease  with  which  that  mission  could  be  flown  with  the 
particular  desiqn  in  question,  it  mav  be  reasonable  to  assume  that 
the  resultant  workload  data  is  more  dependent  upon  the  pace  estab¬ 
lished  bv  the  experimenters  than  the  difficulty  of  flyinq  the  mis¬ 
sion  while  utilizing  the  candidate  crew  svstem  configurations.  This 
question  will  be  more  fullv  resolved  with  a  closer,  more  statisti¬ 
cal  1 v-or i ented  evaluation  of  the  secondary  task  data. 
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As  a  final  issue  for  review,  this  discussion  turns  to  the  rea¬ 
sons  whv  the  oilots  (hut  not  the  copilots)  rated  the  major  uDdate 
desiqn  as  being  lower  than  the  moderate  and  minimal  updates  for 
"usefulness/necessi tv  in  accomplishing  the  refueling  mission".  It 
is  believed  that  this  rating  resulted  solely  from  "over-sophisti¬ 
cation"  of  the  avionics  in  the  major  design.  Pilots  prefer  to  feel 
in  control  of  every  aspect  of  flight  and,  in  reality,  there  must  be 
one  person  on  board  the  aircraft  who  does  make  the  final  decisions 
during  moments  or  segments  of  extremely  high  stress  and  workload. 
Almost  without  exception,  the  pilot  is  delegated  that  task.  This 
fact  is  related  to  the  major  update  in  that  two  of  the  most  signifi¬ 
cant  differences  among  the  three  update  designs  were  the  caution/ 
warninq  system  and  the  automatic  fuel  management  system.  In  the 
minimum  configuration,  the  caution/warning  indicators  did  not  change 
location  from  the  present  KC-1.35  svstem,  while  the  moderate  design 
consolidated  these  indicators  onto  one  panel  in  easy  view  of  the 
oilot  and  copilot.  The  major  design  employed  an  alphanumeric  list¬ 
ing  panel  which  would  identify  and  prioritize  all  failures.  Fur¬ 
thermore,  emergency  checklists  could  then  automatically  be  presented 
on  the  fuel  management  CDU.  Although  the  system  represented  in  the 
maior  uodate  sounds  good,  the  pilots  noted  in  debriefing  comments 
that  even  though  thev  could  direct  and  override  such  systems,  they 
preferred  to  be  more  involved  in  those  activities.  It  is  likely 
that  such  opinions  are  linked  to  an  initial  underlying  distrust  of 
automatic  svstems.  In  addition,  the  general  consensus  amonq  the 
pilots  was  that  the  integrated  comm/nav  tuners  along  with  the 
caution/warning  prioritization  panel  were  not  necessary  to  accom¬ 
plish  the  tanker  mission.  These  facts  affected  the  whole  design 
adversely.  It  should  be  noted,  however,  that  the  pilots  did  empha¬ 
size  that  a  center  panel  CRT  for  weather  radar  and  a  fuel  management 
CDU  on  the  aft  center  console  (control  stand) — both  of  which  were 
represented  in  the  maior  update — were  qood  ideas  and  helpful  in 
accomplishing  the  mission,  but  were  not  really  necessarv. 


SECTION  V 


CONCLUSIONS  AND  RECOMMENDATIONS 


Th 1 s  section  defines  the  capabilities  to  be  met  bv  a  two  pilot, 
one  boom  operator  fl ight  crew  for  the  KC-135  based  on  the  resul ts 
of  mock up  evaluation. 

The  mockup  study  results  provided  adequate  information  to  define 
the  following  "best  choice"  crew  svstem  redesign  configuration 
(Figures  21-26)  required  to  perform  the  KC-135  tanker  mission  with  a 
crew  complement  of  two  pilots  and  a  boom  operator.  to  test  its 
va 1 i d i r v ,  this  desian  will  be  evaluated  in  simulation  and  further 
refined.  it  should  be  kept  in  mind  that  the  primary  concerns  guid¬ 
ing  the  redesiqn  process  were  crew  complement,  workload  and  mission 
requirements.  These  concerns  are  reflected  in  the  collocation  of 
similar  functions,  controls  and  displays,  attempting  to  locate  the 
most  critical  svstem  information  and  control  within  easv  access  of 
ail  fliaht  deck  crew  memhers.  The  less  demanding  svstem  controls 
and  displays  are  situated  in  less  critical  access  locations. 

Finally,  it  should  be  reemphasized  that  the  qoal  of  the  TAACE 
effort  is  to  specify  the  cr  i  ter i a  necessary  for  a  two  pilot,  one 
boom  operator  flight  crew  to  accomplish  the  aerial  refueling  mis¬ 
sion.  However,  in  order  to  evaluate  a  concept  in  crew  systems 
design,  a  piece  of  hardware  which  is  capable  of  accurately  repre¬ 
senting  that  concept  must  be  analyzed.  For  that  reason,  the  "com¬ 
posite"  design,  which  is  described  in  detail,  in  paragraphs  A  through 
F,  will  be  evaluated  during  simulation  in  the  respect  that  its  capa¬ 
bilities  and  their  necessity  for  accomplishing  the  mission  will  be 
determined  and  not  the  merits  of  the  actual  hardware. 

A.  PILOTS'  FRONT  PANEL  (Figure  21) 

It  was  considered  impractical  to  optimize  the  instrument 
arrangements  on  the  pilots'  flight  instrument  panels  because  of  the 
design  of  the  control  yokes.  The  hub  of  the  voke  (top  of  the  con¬ 
trol  column)  extends  to  such  a  heiqht  that  the  pilots'  visibility 
of  their  respective  flight  instrument  panels  is  severely  restricted. 
Ideally,  the  ADIs  and  HSI/HSDs  should  be  positioned  on  the  pilots' 
centerline  to  eliminate  parallax  errors.  However,  these  instruments 
are  offset  several  inches  toward  the  aircraft  centerline  on  both  the 
present  KC-135  and  this  redesign  so  that  the  horizontal  situation 
display  mav  be  seen  bv  the  pilot  through  the  opening  in  the  voke. 
Other  less  critical  lisplavs  are  obstructed  by  the  control  column. 
This  offset  has  the  additional  undesirable  effect  of  not  allowinq 
for  duplicate  arrangement  of  instruments  on  the  pilot's  and  co¬ 
pilot's  panels  due  to  lack  of  appropriate  space.  This  arrangement 
difficulty  is  identified  later. 
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1.  Pilots'  Fliqht  Ins  trumps*-  Panel  p  (Fiqure  211 

a.  Airspeed  Indicator  (item  21  -  Maintained  in  present 
baseline  location  for  the  Dilot  and  com' lot  and  upgraded  to  display 
both  mach  and  airspeed.  This  unit  is  CADC  compatible  with  a  redun¬ 
dant  pneumatic  capability.  This  upgraded  instrument  reduces 
required  panel  space,  increases  accuracy  and  efficiency  throuqh  the 
CADC  and  decreases  workload  by  presenting  similar  information  on  a 
sinqi.e  instrument. 

b.  Mach  Indicator  -  The  baseline  mach  indicator  informa¬ 
tion  has  been  incorporated  into  the  mach/airspeed  indicator.  There¬ 
fore,  the  baseline  indicator  is  removed. 

c.  Angle  of  Attack  Indicator  (item  1)  -  Relocated  baseline 
indicator  adiacent  left  of  the  pilots'  mach/airspeed  indicator  to 
collocate  similar  functions  which  reduces  workload  and  enhances 
safety.  Copilot's  indicator  is  not  moved  from  baseline  location  due 
to  control  column  restrictions  discussed  in  paragraph  A. 

d.  Radio  Altimeter  (item  91  -  Relocated  adiacent  right  of 
the  copilot's  altimeter  and  above  the  pilot's  altimeter,  while  up¬ 
dating  to  a  tape  ^vertical  scale)  display.  This  collocates  similar 
information  to  reduce  workload  and  enhance  safety.  ^he  location  of 
the  pilot's  radar  altimeter  is  not  optimized  due  to  control  column 
restrictions  discussed  in  paraqraph  A. 

e.  Radio  Magnetic  Indicator  (item  27)  -  Relocated  adia¬ 
cent  left  of  the  pilot's  and  copilot's  HSD  and  updated  to  include 
DME,  thus  transforming  it  to  a  bear i ng-d i stance-head i nq  indicator 
( BDHI ) .  This  collocates  similar  information  which  helps  reduce 
crew  workload. 

f.  Horizontal  Situation  Indicator  (item  26)  -  Eliminated 
and  replaced  with  a  CRT  display  for  both  pilots  which  will  provide 
pilot  selectable  formats  and  will  overlay  radar  information  on  a 
svmbol  generated  map  display.  The  selected  overlay  of  information 
is  independent  between  the  pilot  and  copilot  displays.  This 
increase  in  information  and  flexibility  (over  the  HSI)  reduces 
panel  space  required  for  radar  and  reduces  chart  following  r°cui ce¬ 
ments  while  increasing  position  awareness  in  relation  to  navigation 
fixes,  radar  ground  references,  hazardous  weather  and  other  air¬ 
craft  (formation  or  rendezvous).  This  reduces  pilot  workload  while 
enhancing  safety.  The  switching  matrices  (item  28)  for  the  HSDs 
are  locate-’  inboard  of  each  display  as  described  in  i  below.  (The 
formats  wh . jh  will  be  available  on  the  HSDs  durinq  simulation  are 
presented  in  Appendix  III). 

g.  Vertical  Velocity  Indicator  (item  21)  -  Upgraded  base¬ 
line  indicators  with  CADC  compatible  WIs  for  both  pilots  in  base¬ 
line  location.  This  upgrade  increases  instrument  flying  accuracy 
by  eliminating  lag  which  in  turn  decreases  pilot  workload. 
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h.  Clock  (item  22)  -  Added  8  day  hack  clock  adjacent  to  the 
copilot  WI .  This  unit  provides  essential  information  for  the  co¬ 
pilot  during  performance  of  navigational  duties.  Relocated  pilot's 
clock  to  adjacent  BDHI  because  of  higher  priority  displays  at  base¬ 
line  location. 

i.  TACAN  Select  (item  28)  -  Replaced  with  a  computer /TAC AN/ 
VOR  navigation  mode  select  switch  and  relocated  adjacent  to  the 
inside  of  each  HSD.  This  location  allows  the  pilots  to  operate  the 
switches  with  their  throttle  hand.  This  functional  necessity  is 
added  to  provide  each  pilot  the  flexibility  of  displaying  computed 
(INS,  doopler,  ILS,  etc.)  course  guidance  on  the  flight  director 
(HSD/ADI)  or  raw  data  (TACAN,  VOR)  on  the  HSD.  The  nav  mode  select 
switches  will  identify  which  nav  svstem  is  driving  which  HSD  bearing 
pointers  and  CDI  as  well  as  identify  which  nav  system  is  driving 

the  flight  director.  This  selectable  navigation  feature  reduces 
pilot  workload  bv  adding  long-range  guidance  information  to  the 
flight  director.  The  HSD  format  and  other  special  functions  are 
also  selectable  through  these  switching  matrices. 

j.  Marker  Beacon  Light  (item  7)  -  Replaced  with  three  light 
displays  and  located  above  the  barometric  altimeters.  This  collo¬ 
cates  similar  information  during  approaches. 

k.  Altitude  Alert  Lights  (item  8)  -  These  lights  are  added 
to  operate  in  conjunction  with  the  altitude  alert  panel  described 
under  "Engine  Instrument  Panel".  The  location  adjacent  the  pilot's 
barometric  altimeter  and  adjacent  the  copilot's  radar  altimeter  pro¬ 
vides  similar  information  to  be  collocated. 

l.  INS/AHRS  Select  Switches  (item  24)  -  These  controls  are 
added  to  work  in  conjunction  with  dual  INS  and  the  AHRS  for  redun¬ 
dant  capabilities  in  attitude  and  heading  reference  displays.  Their 
location  at  the  lower  outside  corner  of  the  HSDs  is  convenient  and 
unobtrusive  for  physical  and  visual  access  by  each  pilot. 

2.  Engine  Instrument  Panel  (Figure  21) 

a.  Engine  Instrument  Group  (item  15)  -  EPR,  RPM,  EGT,  Fuel 
Flow,  Oil  Pressure.  This  group  of  instruments  remain  in  baseline 
location.  However,  round  dials  are  ungraded  to  electro-optical,  all 
solid  state,  vertical  scale  indicators  to  reduce  reauired  panel 
space,  increase  the  ease  of  information  interpretation,  and  cen¬ 
tralize  similar  functional  information  which  in  turn  reduces  crew 
workload.  Svstem  information  also  displayed  on  tapes  that  are  relo¬ 
cated  to  become  part  of  this  enqine  instrument  qroup  includes  the 
hydraulic  pressure  indicators  (4  each)  which  are  relocated  from  the 
pilot's  side  panel  and  pilot's  instrument  panel  to  a  location  adja¬ 
cent  and  to  the  riqht  of  the  enqine  instrument  qroup  /included  in 
item  15,  Fiqure  21).  Additionally,  if  the  new  engines  which  are 
programmed  for  the  KC-135  fleet  require  oil  quantity  information  to 
be  displayed,  vertical  scale  instruments  should  also  be  located  on 
the  enqine  instrument  panel. 
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The  Engine  Instrument  System  includes  a  selectable  digital  read¬ 
out  (item  13)  for  each  of  the  parameters  (e.g.  when  EPR  is  selected, 
that  information  for  all  four  engines  is  displayed  simultaneously 
along  with  the  vertical  scale  EPR  indications).  A  digital  readout 
can  be  selected  and  displayed  for  EPR,  RPM,  EGT,  fuel  flow,  oil 
pressure,  hydraulic  pressure,  and  commanded  EPR.  The  Engine  Instru¬ 
ment  Group  also  includes  a  Thrust  Management  Selector  (item  12) 
located  adjacent  to  the  engine  digital  readout/selector.  The  thrust 
management  system  yields  the  most  optimum  engine  performance  at  any 
particular  pressure  altitude  and  outside  air  temperature.  The  sys¬ 
tem  accomplishes  this  in  accordance  with  the  particular  flight  seg¬ 
ment  in  question,  such  as  climb,  cruise,  or  descent.  During  opera¬ 
tion,  the  pilot  would  set  the  mode  selector  to  the  applicable  condi¬ 
tion  of  flight.  At  the  same  time,  the  aircraft  sensors  would  be 
determining  pressure  altitude  and  outside  air  temperature.  Then, 
based  on  these  parameters,  the  thrust  management  display  shows  the 
most  efficient  EPR  command  and  airspeed  settings.  This  display  is 
collocated  with  similar  functions  and  is  centrally  located  for  easy 
crew  access. 

b.  Hydraulic  Quantity  Indicators  (item  16)  -  The  baseline 
hydraulic  quantity  round  dial  indicator  is  relocated  from  the  co¬ 
pilot's  instrument  panel  to  a  position  below  the  engine  instrument 
group  so  as  to  collocate  similar  type  information. 

c.  Caution  and  Warning  Annunciation  Panel  (item  10)  - 
Virtually  all  caution  and  warning  lights  are  located  within  a  cen¬ 
tral  caution  and  warning  panel  which  is  located  adjacent  and  left 
of  the  engine  instrument  group.  This  centralizes  failure  informa¬ 
tion  and  locates  it  in  the  immediate  forward  eve  reference  of  each 
crew  member,  thereby,  enhancing  safety  and  reducing  workload. 

'T’he  panel  extends  from  the  top  to  the  bottom  left  of  the  engine 
instrument  panel.  The  cabin  pressure  emergency  release  handle  is 
moved  lower  and  toward  the  center  to  provide  caution  and  warning 
panel  space.  This  panel  of  individual  warning  lights  includes  dedi¬ 
cated,  annotated  caution  information  as  follows: 

1)  Engine  Oil  Low  Pressure  Warnings  (4)  relocated  from 
pilot  instrument  panel. 

21  Hydraulic  Pump  Inoperative  Warnings  f4)  relocated 
from  copilot’s  instrument  panel. 

31  Hydraulic  Overheat  Warninqs  (41  relocated  from  co¬ 
pilot's  instrument  panel. 

41  Fuel  Manifold  Low  Pressure  Warning  relocated  from 
fuel  panel.  The  four  pump  low  pressure  warning  liqhts  will  remain 
on  the  fuel  panel  . 

51  Switched  DC  Bus  Failure  Warning  relocated  from  en¬ 
gine  instrument  panel. 


6)  DC  Failure  Warninq  added  to  alert  crew  to  check 
overhead  DC  panel  for  specific  failure  information. 

71  AC  Failure  Warninq  added  to  alert  crew  to  check 
overhead  AC  panel  for  specific  failure  information. 

8)  Cabin  Pressure  Warninq  relocated  from  copilot's 
instrument  panel. 

91  Cargo  Door  or  Hatch  Not  Latched  Warning  relocated 
from  copilot  instrument  panel. 

101  Engine  Anti-Icinq  Indicator  relocated  from  copilots' 

side  panel . 

Ill  O-lnlet  Heat  Failure  Warninq  relocated  from  enqine 
instrument  panel. 

121  Electronic  Cabinet  Coolinq  Overheat  Warning  relo¬ 
cated  from  navigator's  aft  panel. 

131  IFF  Mode  IV  caution  relocated  from  navigator's  aft 

panel . 

141  Copilot's  Instrument  Power  Off  Warninq  relocated 
from  copilot  instrument  panel. 

151  Comparator  Warnings  relocated  from  pilots'  instru¬ 
ment  panels  (51. 

161  Attitude  Gvro  Warnings  for  Pilot,  Copilot  and  Auto¬ 
pilot  relocated  from  pilots'  instrument  panels  (31. 

171  Autopilot  Disengaged  Warning  relocated  from  pilots' 
instrument  panel. 

181  RGA  Fail  Operative  Warnings  relocated  from  pilot  and 
copilot  instrument  panels  (2). 

19)  FD-109  Power  Off  Warninas  relocated  from  pilot  and 
copilot  instrument  panels  (21. 

201  INS  Failure  Warnings  (2)  added  to  alert  the  pilots 
that  one  of  the  INSs  has  failed. 

211  Radar  Pressure  Warning  moved  from  nav  station  to 
alert  the  pilots  that  pressurization  for  radar  components  is  not 
within  limits. 

22)  Boom  Unlatched  Warning  added  to  alert  crew  that 
refueling  boom  is  not  properly  stowed. 


23)  Center  of  Gravity  Warninq  adder!  to  alert  crew  that 
aircraft  is  approaching  center  of  gravity  limitations. 

24)  Master  Caution  Lights  are  added  to  alert  the  crew  of 
a  svstem  warnina  announcement  which  is  identified  on  the  central- 
caution  and  warninq  annunciation  panel.  Two  master  caution  lights 
are  located  in  pilots'  glare  shield,  one  in  front  of  the  pilot  and 
one  in  front  of  the  copilot,  within  easy  visual  access  of  the  boom 
operator  when  he  is  occupying  the  jump  seat. 

25)  Leading  Edge  Flap  Extended  Warning  added  to  provide 
an  indication  when  the  leading  edge  flaps  are  not  fully  extended  and 
the  throttles  are  advanced  to  nearly  open  when  the  aircraft  is  on 
the  ground. 

26)  INS  Overheat  Warninqs  (2)  added  to  indicate  an  over¬ 
temperature  condition  in  the  INS  which  may  save  the  set  from  com¬ 
plete  failure  providing  adequate  corrective  action  is  taken. 

271  Mission  Computer  Failure  Warnings  (2)  added  to  indi¬ 
cate  that  one  or  the  other  mission  computers  have  malfunctioned. 

28)  INS  Different  Bv  10  NM  Warning  added  to  alert  the 
pilot  that  the  lateral  positions  indicated  hy  the  two  INSs  vary  by 
10  nautical  miles. 


29)  AHRS  Failure  Warning  added  to  indicate  that  the 
attitude  and  heading  reference  svstem  has  failed. 

90)  Doopler  Memory  Malfunction  added  to  alert  the  pilot 
that  the  doopler  svstem  is  malfunctioning. 

31)  APU  Door  Open  Warning  added  to  alert  the  pilot  that 
the  APU  door  in  the  cabin  is  not  closed. 

32)  Battery  Charge  Transformer-Rectifier  Warninq  added 
to  alert  the  pilot  that  this  system  has  malfunctioned. 

33)  Fuel  Dump  Warning  will  illuminate  during  fuel  dump 

operations. 

34)  Compare  Attitude  Warning  will  illuminate  when  the 
pilot  and  copilot  attitude  indicators  differ  by  more  than  4°. 

d.  Destination  Indicator  -  This  indicator  has  been  re¬ 
moved.  The  information  provided  to  the  crew  by  this  indicator  has 
been  incorporated  into  the  navigation  management  control/display 
unit  which  is  discussed  later. 

e.  Landing  Gear  and  Wing  Flap  Panel  (items  19  and  20)  -  The 
panel  satisfies  mission  requirements  in  the  baseline  configuration. 
However,  when  the  gear  handle  is  down,  the  handle  interferes  with 


visual  access  to  the  nav  management  CDU  located  on  the  old  fuel 
panel,  therefore  it  is  shortened.  The  landing  gear  and  wing  flap 
panel  includes: 

1)  Landing  Gear  Handle 

2)  Wing  Flap  Indicator 

3)  Landing  Gear  Indicator  Panel  including  Landing  Light 
Switches 

f.  Water  Injection  Panel  (item  18)  -  Relocated  to  the  lower 
center  portion  of  the  engine  instrument  panel  from  the  copilot's 
instrument  panel  to  provide  required  space  on  copilot's  panel  for 
higher  priority  displays.  In  addition,  this  location  provides 
improved  crew  access. 

g.  Altitude  Alert  Panel  (item  17)  -  Added  to  the  engine 
instrument  panel,  adjacent  and  above  the  water  injection  panel, 
within  easy  reach  of  each  pilot  and  within  good  visual  access  of 
all  flight  deck  crew  members.  The  altitude  awareness  that  was  pre¬ 
viously  provided  by  the  navigator  to  satisfy  safety  requirements 
will  be  provided  with  the  altitude  alert  system. 

3.  Forward  Center  Console  (previously  identified  as  the  Fuel 
Panel) ,  forward  of  the  throttle  quadrant  (Figure  24) 

a.  Fuel  System  Controls  (item  33)  -  The  fuel  panel  has  been 
redesigned  to  a  smaller  size  unit  with  increased  capability.  It 
consists  of  the  same  number  of  pump  switches,  valve  switches  and 
quantity  indicators  as  the  present  panel,  including  the  upper  deck 
tank.  The  quantity  indicators  are  digital  readouts  rather  than 
round  dials  to  conserve  space  and  provide  the  information  more 
readily.  A  line  drawing  of  the  fuel  routing  possibilities  is  incor¬ 
porated  on  the  panel.  The  capabilities  of  the  panel  are  increased 
by  providing  an  aircraft  center  of  gravity  display  and  the  boom 
engaged  light.  These  are  incorporated  into  the  fuel  panel,  since 
their  functions  are  directly  related  to  the  fuel  system,  which  in 
turn  helps  to  reduce  crew  workload. 

b.  Nav  Management  CDU  #1  (item  29)  -  This  unit  is  located 
on  the  right  side  of  the  fuel  panel  on  the  forward  center  console. 
The  unit,  used  primarily  by  the  copilot  but  accessible  by  both 
pilots,  consists  of  a  CRT  and  an  alphanumeric  keyboard.  It  provides 
the  interface  between  the  pilots  and  the  navigation/mission  com¬ 
puters  and  is  used  primarily  to  control  and  display  navigation 
information.  For  example,  this  unit  is  used  to  make  inputs  to  the 
inertial  navigation  systems  rather  than  using  a  dedicated  INS  con¬ 
trol  head.  An  identical  nav  management  CDU  with  the  same  capabili¬ 
ties  is  located  aft  of  the  throttle  quadrant  to  provide  increased 
flexibility  and  redundancy. 

c.  Radar  Cursor  and  Doppler  Control  Panel  (item  31)  - 
Located  on  the  lower  center  portion  of  the  forward  center  console. 
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This  unit  is  added  to  increase  the  flexibility  of  the  navigation 
management  system  by  providing  a  cursor  for  the  radar  display.  This 
allows  ground  mapping  fixes  to  be  used  for  updating  the  navigation 
system  and  air  alignment  of  the  INS.  In  addition,  it  controls  the 
mode  and  power  for  the  doppler  system,  which  is  relocated  from  the 
nav  station  and  is  within  easy  access  of  both  pilots.  It  is  up¬ 
graded  to  provide  state-of-the-art  doppler  navigation. 

d.  INS  Power  and  Mode  Control  Panel  (item  30)  -  This  added 
unit  accomodates  a  fail  passive  dual  INS  and  is  located  on  the  lower 
right  portion  of  the  forward  center  console.  It  combines  the  power, 
mode  and  function  control  for  both  inertial  nav  systems  into  one 
panel . 

e.  AHRS  (Attitude  Heading  Reference  System)  Control  Panel 
(item  32)  -  This  system  replaces  and  updates  the  N-l  and  J-4  heading 
system  as  well  as  the  pilots'  attitude  reference  system.  Its 
improved  performance  enhances  mission  accuracy  and  the  centralized 
location  allows  improved  crew  access. 

B.  OVERHEAD  PANEL  (Figure  22) 

Centralized  access  to  the  subsystems  control  for  the  crew  re¬ 
mains  a  driving  workload  concern  when  the  navigator  is  removed, 
primarily  because  when  one  crew  member  becomes  overloaded,  other 
crew  members  can  assume  the  overload.  The  overhead  panel  is  re¬ 
configured  and  generally  upgraded  except  for  the  baseline  light 
control  panels  (items  2  and  5),  and  the  flight  director  control 
panels  (item  13).  The  cabin  pressurization/air  conditioning  panel 
(items  1  and  23)  and  the  electrical  control  panel  (item  20)  were 
rearranged  to  provide  more  overhead  panel  space  for  controls  and 
displays  requiring  a  central  location  accessible  to  all  crew 
members . 

1.  Radar  Pressure  Control  Panel  (item  22) 

This  baseline  unit  is  relocated  from  the  navigator's  station  to 
the  top  left  overhead  extension  panel.  This  location  allows  crew 
control  and  monitoring  of  radar  system  pressure  when  the  pressure 
exceeds  its  limits  as  indicated  by  the  caution  and  warning  system. 

2.  APN  69  Beacon  Control  Panel  (item  6) 

This  baseline  unit  is  relocated  from  the  navigator's  station  to 
a  position  above  the  copilot's  seat  and  to  the  right  of  the  overhead 
panel.  Since  this  panel  is  essentially  a  "set  and  forget"  item,  its 
location  is  lower  priority,  while  still  crew  accessible. 

3.  Warning  Bell,  Cockpit  Speaker,  and  TACAN  Antenna  Control 
Panel  (item  19) 

The  baseline  panels  are  reduced  in  size  and  incorporated  into 
one  panel  which  is  moved  to  the  left  and  center  of  the  overhead 
panel.  This  location  is  slightly  lower  priority  but  still  crew 
accessible. 


1)  Cabin  pressure  controllers 

2)  Light  control  panel  (exterior) 

3)  Volts  and  cycles  indicators 

4)  External  power  control 

5)  Light  control  panel  (interior) 

6)  APN-69  beacon  control  panel 

7)  Hydraulic  control  panel 

8)  Instrument  power  control  panel 

9)  Anti-ice  control  panel 

10)  VHF  comm  control  panel 

11)  UHF  #2  comm  control  panel 

12)  Rotation  go-around  control  panel 

New  hardware,  new  location 

Current  tanker  hardware,  new  location 


13)  Flight  director  conttjl  panel 
+  14)  Radar  control  panel 

*  15)  VHF  nav  #1  &  #2  control  panel 

16)  Autopilot  control  panel 

17)  UHF  #1  comm  control  panel 

*  18)  HF  comm  control  panel 

+  19)  Warning  bell,  loudspeaker,  and 
TACAN  antenna  control  panel 

20)  Electrical  control  panel 

21)  Battery  charging  ammeter 

*  22)  Radar  pressurization  control  panel 

23)  Air-conditioning  control  panel 

24)  Speaker 


Figure  22.  Composite  Design:  Overhead  Panel 


76 


4.  Hydraulic  Control  Panel  (item  7) 


This  panel  is  added  to  centralize  hydraulic  pump  switches  (from 
the  pilot's  side  panel)  and  valve  controls  (from  the  copilot's 
instrument  panel).  The  location  of  the  right  center  area  of  the 
overhead  panel  is  medium  priority  with  fair  crew  accessibility. 

5.  HF  Comm  Radio  Control  Panel  (item  18) 

The  baseline  panel  is  moved  from  the  copilot's  side  panel  to  the 
lower  left  center  of  the  overhead  panel,  which  allows  fairly  good 
crew  access. 

6.  #1  and  #2  UHF  Comm  Control  Panels  (items  17  and  11) 

The  baseline  panels  were  relocated  slightly  forward  to  improve 
crew  access. 

7.  Instrument  Power  Panel  (item  8) 

The  additon  of  this  panel  provides  collocation  of  the  copilot's 
instrument  power  switch  (from  the  copilot's  instrument  panel),  the 
batterv  switch  (from  the  engine  instrument  panel) ,  IFF  antenna 
switch  (from  the  nav  station),  the  remote  heading  slew  switch  (from 
the  overhead  panel)  and  the  HF  transfer  switch  (from  the  copilot's 
side  panel) .  The  panel  is  located  on  the  right  center  area  of  the 
overhead  panel,  which  allows  fair  crew  access. 

8.  Anti-Ice  Control  Panel  (item  9) 

This  panel  is  relocated  from  the  copilot's  side  panel  to  the 
right  center  area  of  the  overhead  panel  with  fairly  good  crew  ac¬ 
cess.  The  control  panel  is  modified  to  allow  collocation  of  simi¬ 
lar  functions  which  include  switches  for  "Q"  inlet  heat  and  elec¬ 
tronic  cabinet  cooling. 

9.  VHF  Comm  Control  Panel  (item  10) 

This  panel  is  added  to  accommodate  the  communications  update 
required  for  the  KC-135.  The  location  on  the  right  center  area  of 
the  overhead  panel  allows  good  crew  access. 

10.  VHF  Nav  #1  and  #2  (item  15) 

Relocated  slightly  aft  to  allow  space  for  higher  priority  panel. 

11.  APN-59  Radar  Control  Panel  (item  14) 

The  baseline  panel  is  redesigned  and  relocated  from  the  navi- 
qator's  station  to  the  forward  center  area  of  the  overhead  panel  to 
accommodate  higher  priority  crew  access. 
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C.  AFT  CENTER  CONSOLE  (Figure  23) 

The  baseline  KC-135  control  stand  is  modified  to  accommodate 
several  controls  and  displays  aft  of  the  throttle  quadrant.  This 
area  is  expanded  from  one  to  two  standard  widths  and  extended 
slightly  in  length.  In  order  to  utilize  this  space,  several  con¬ 
trols  had  to  be  relocated  as  described  in  this  section.  This  aft 
center  console  is  high  priority  crew  access  area. 

1.  Wing  Flap  Control  (item  13) 

This  control  is  moved  forward  to  clear  the  aft  center  console 
area  and  to  be  in  line  with  the  throttle  controls.  In  order  to 
relocate  to  this  position,  the  copilot's  radar  scope  was  removed. 
The  scope  information  is  displayed  on  the  pilots'  HSD,  described  in 
paragraph  A  of  this  section. 

2.  Warning  Horn  Cutout  Switch  (item  11) 

This  switch  is  relocated  to  clear  the  aft  center  console  area. 
Its  new  location  is  on  the  vertical  shelf  aft  of  the  throttle  quad¬ 
rant  . 


3.  Rudder  Power  Switch  (item  14) 

This  baseline  switch  is  relocated  to  clear  the  aft  center  con¬ 
sole.  Its  new  location  is  on  the  vertical  shelf  aft  of  the  throttle 
quadrant. 

4.  Autopilot  Control  Head  (item  3) 

This  unit  is  modified  to  a  low  or  relatively  flat  profile  that 
does  not  extend  above  the  level  of  the  aft  center  console.  This 
modification  is  necessary  to  clear  the  vertical  shelf  aft  of  the 
throttles . 

5.  Engine  Start  Selector  Panel  (item  2) 

The  panel  is  relocated  from  the  pilot's  instrument  panel  to  the 
vertical  area  immediately  aft  of  the  throttles.  This  location 
allows  very  good  crew  access.  The  panel  is  slightly  modified  with 
switch  protectors  to  avoid  inadvertent  switch  actuation. 

6.  IFF/S IF  Control  Panel  (item  4) 

The  baseline  panel  is  relocated  from  the  navigator's  station  to 
the  aft  center  console.  This  provides  very  good  crew  access. 

7.  TACAN  #1  and  #2  Control  Panel  (items  8  and  9) 

The  #1  control  is  relocated  from  the  overhead, panel  to  the  aft 
center  console.  The  #2  TACAN  is  added  capability.  In  addition, 
both  units  are  air-to-air  and  air-to-ground  capable.  The  new  loca¬ 
tion  provides  good  crew  access. 
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1)  Throttle  quadrant  +  8)  TACAN  #1  control  panel 

*  2)  Engine  start  switches  +  9)  TACAN  #2  control  panel 

*  3)  Autopilot  controller  +  10)  Nav  mgt  control/display  unit  #2 

*  4)  IFF/S1F  control  panel  *  11)  Gear  horn  cutout  switch 

+  5)  ADF  control  panel  *  12)  Stab  trim  cutout  switch 

*  6)  Rudder  trim  *  13)  Wing  flap  control 

*  7)  Aileron  trim  *  14)  Rudder  power  cutout  switch 


+  New  hardware,  new  location 
*  Current  tanker  hardware,  new  location 


Figure  23.  Composite  Design:  Aft  Center  Console 
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8.  Nav  Management  CDU  #2  (item  10 ) 


This  CDU  is  added  for  nav  management,  primarily  to  be  used  by 
the  pilot  or  boom  operator  but  is  also  accessible  to  the  copilot. 

Its  functions  are  identical  to  those  described  in  paragraph  A. 

9.  ADF  Control  Panel  (item  5) 

Navigation  capability  added  primarily  for  use  outside  CONUS. 
Panel  location  provides  good  crew  access. 

D.  PILOT  SIDE  PANELS  (Figure  24) 

The  pilot  and  copilot  side  panels  have  been  cleared  of  several 
controls/displays  i.e.  (1)  hydraulic  control  panel,  (2)  anti-ice 
control  panel,  (3)  HF  radio  panel  and  14)  compass  control  panel. 

The  rationale  for  relocation  of  each  side  panel  C/D  is  described 
elsewhere  in  this  paper,  but  in  general,  the  controls  and  displays 
that  are  cleared  from  the  side  panels  were  relocated  to  allow  their 
access  by  other  crew  members. 

1.  Interphone  Control  Panel  (item  2) 

AIC-18  interphone  control  panels  replace  AIC-10  controls  for 
each  pilot.  This  decreases  pilot  workload  by  providing  each  pilot 
with  individual  audio  level  control  for  each  radio  receiver.  The 
interphone  control  panel  for  the  boom  operator  at  his  jump  seat  is 
also  replaced  with  an  AIC-18  with  the  advantages  as  described  for 
the  pilots. 

The  remaining  items  on  the  pilots'  side  panels  (oxvgen  regula¬ 
tors,  etc.)  on  Figure  24  are  slightly  modified  from  baseline. 

2.  Other  Interphone  Control  Panels 

The  interphone  control  panels  (AIC-IOs)  at  the  navigator's  in¬ 
terphone  station  and  the  rear  seat  interphone  station  on  the  flight 
deck  (formerly  occupied  bv  the  boom  operator)  are  also  replaced  with 
AIC-18  interphone  Panels,  The  advantages  are  in  individual  audio 
level  control  for  each  receiver. 

E.  FORWARD  BOOM  STATION  -  FORMERLY  THE  NAVIGATOR'S  STATION 

The  baseline  navigator's  station  will  remain  physically  intact. 
The  avionics  mav  be  removed.  The  baseline  crew  seat  that  serves 
this  station  is  modified  and  mounted  on  a  track  so  that  the  crew 
seat  can  easily  be  positioned  at  either  the  nav  station  or  between 
the  pilots'  seats  facing  the  aft  center  console.  This  modification 
will  allow  the  hoom  operator  (durina  the  time  he  spends  on  the 
flight  deck)  to  help  manaae  paperwork,  nav  charts,  monitor  aircraft 
position,  communications  and  perform  the  duties  of  a  positive  con¬ 
trol  crew  member  at  the  nav  station.  This  arranqement  also  allows 
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the  boom  operator  to  interact  with  the  pilots  from  a  "middle  seat" 
position  at  the  aft  center  console.  From  this  position,  the  boom 
operator  may  monitor  commun icat ions ,  outside  watch,  aircraft  sub¬ 
systems,  takeoff/landing  data  (from  #2  nav  management  CDU) ,  assist 
with  the  checklists,  and  perform  see-and-avo i d  duties.  To  support 
the  new  forward  boom  operator's  station,  the  following  reconfigura¬ 
tion  is  required: 

1.  Forward  Panel  of  the  Previous  Nav  Station  (Figure  25) 

The  avionics  to  support  the  boom  operator  at  the  nav  station  are 
a i 1  arranged  on  the  forward  two  grid  sections  (two  standard  widths) 
of  the  naviqator's  panel. 

a.  Accelerometer  (item  1)  -  Relocated  baseline  unit  at  this 
low  priority  location  on  forward  qrjd.  Data  does  not  support  the 
inclusion  of  this  information  on  anv  forward  instrument  panel  since 
it  is  used  onlv  for  historical  purposes. 

b.  Ciphonv  Control  Panel  (item  2)  -  Relocated  baseline  unit 
from  overhead  panel  to  this  forward  grid  location.  Good  access  by 
boom  operator  for  this  rarely  used  svstem. 

c.  HF  Transfer  and  INS  Selector  Panel  (item  3)  -  This  panel 
is  added  to  allow  HF  comm  radio  control  at  either  the  overhead  panel 
or  at  this  forward  grid  location.  The  INS  selector  allows  the 
selection  of  either  INS  platform  to  feed  the  INS  control  panel. 
Location  allows  good  access  by  boom  operator. 

d.  HF  Comm  Panel  (item  4)  -  Relocated  to  this  forward  arid 
location  to  allow  the  boom  operator  easy  access  of  HF  control, 
assuming  he  will  have  increased  responsibility  for  HF  while  he  is  on 
the  f 1 ight  deck . 

e.  Oxygen  Control  Panel  (item  5)  -  Relocated  from  aft  nav 
panel  to  this  forward  arid  location  for  quick  access  bv  the  boom 
operator  and  convenient  hookup  for  mask  storage. 

f.  Light  Control s  (item  6)  -  These  controls  are  added  ro 

q i ve  the  boom  operator  lightinq  control  of  the  forward  boom  station, 
"’heir  location  in  the  upper  area  of  the  second  forwa  d  arid  allows 
aood  access  bv  the  boom  operator. 

q.  INS  CDU  ( i tern  7)  -  The  INS  CDU  is  added  to  allow  the 
boom  operator  access  to  aircraft  position  and  other  nav  information. 
It  also  serves  as  a  redundant  INS  control  head  for  either  INS  plat¬ 
form  in  case  of  nav  management  CDU  failure.  The  location  in  the 
center  of  the  second  forward  qrid  allov.  s  qood  access  bv  the  boom 
operator . 


h.  AIC-18  and  Nav  Monitor  (items  9  and  8)  -  As  previous1 v 
discussed  in  paragraph  D,  the  Air-10  is  replaced  with  an  ATC-18  at 
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*  1)  Accelerometer 

*  2)  Ciphony  control  panel 

+  3)  HF  transfer  and  INS  selector  switches 

*  4)  HF  conn  control  panel 
+5)  Oxygen  control  panel 
+  6)  Light  controls 

+  7)  INS  control /display  unit 

*  8)  Nav  monitor  panel 
+  9)  AIC-18 

*  New  hardware,  new  location 

*  Current  tanker  hardware,  new  location 


Figure  25.  Composite  Design:  Forward  Boom  Operator  Station 
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both  this  station  and  at  the  present  IP  iump  seat  station  between 
the  pilots'  seats.  The  comm  monitor  relocation  on  Fiqure  25,  is  in 
position  for  highest  priority  access  for  the  boom  operator.  The 
baseline  communication  unit  between  the  pilots'  seats  remains  in  the 
baseline  location  (not  shown  in  figures) . 

F.  AFT  BOOM  OPERATOR'S  PANEL  (Figure  26) 

The  evaluation  of  the  updated  boom  operator's  panel  produced  a 
"mixed  bag"  of  data.  The  reconfiguration  presented  for  mockup  eval¬ 
uation  was  either  inadequate  or  not  required.  Since  the  subiect 
data  did  not  provide  a  clear  resolution  to  the  question  of  a 
requirement  to  update  the  boom  operator's  station,  a  redesiqn  will 
be  evaluated  during  simulation.  The  proposed  redesign  will  provide 
the  boom  operator  with  forward  and  aft  AR  pump  control,  fuel  trans¬ 
fer  information  and  limited  fuel  quantity  information.  Only  the 
items  changed  from  the  baseline  (current)  KC-135  are  discussed 
below. 


1.  Communication  Panel  (not  pictured) 

The  AIC-1.0  is  upgraded  to  an  AIC-L8  as  previously  discussed. 

The  baseline  location  remains  unchanged  (gust  left  of  the  emergency 
override  switch  panel). 

2.  Circuit  Breaker  Panel  (not  pictured) 

The  baseline  circuit  breaker  panel  is  a  high  priority,  easv 
access  area.  Therefore,  the  circuit  breakers  are  relocated  to  a 
space  behind  the  iack  shaft  and  under  the  instructor  boom  operator 
platform.  This  clears  the  baseline  panel  for  hiqher  priority  con¬ 
trol  arrangement. 

a.  Nacelle  Illumination  Switch  (item  15)  -  Relocated  from 
center  panel  to  the  upper  portion  of  the  baseline  circuit  breaker 
panel . 

3.  Center  Panel  (Figure  26) 

a.  Boom  Marking  Illumination  Controls  (item  28)  -  Relo¬ 
cated  from  the  rand  hand  side  of  the  center  panel  to  the  left  hand 
side  of  the  center  panel. 

b.  Director  Lights  Ground  Test  Switch  (item  26)  -  Relo¬ 
cated  from  the  lower  right  center  panel  to  the  center  of  that  panel. 

c.  AR  Pump  Switches  (items  18  and  20)  -  The  four  arming 
type  switches  are  added  to  this  easy  access  area.  These  arming 
switches  work  in  conjunction  with  stop-start  actuation  switches 
which  are  added  to  the  boom  telescope  lever  (item  29). 

d.  Fuel  Quantity  Indicators  (item  21)  -  The  three  indi¬ 
cators  are  added  to  the  right  center  panel  to  provide  necessary  fuel 
quantity  information  to  the  boom  operator.  This  diqital  information 
is  repeated  from  the  forward  fuel  panel. 
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e.  Fuel  Flow/Transfer  Indicator  (items  19  and  13)  -  The 
indicator  is  added  to  the  right  center  panel  to  provide  offload  fuel 
flow  rate  and  total  fuel  transferred.  A  push-to-reset  button  works 
in  conjunction  with  the  total  fuel  transferred  indicator.  The 
added  reset  button  is  located  iust  below  the  fuel  transfer  indi¬ 
cator. 


f.  Individual  Fuel  Transfer  Indicator  (item  8)  -  The  indi¬ 
cator  is  added  to  the  top  of  the  center  fuel  panel  to  provide  fuel 
transfer  information  per  receiver.  A  push-to-reset  button  is 
located  on  the  riqht  side  of  the  indicator. 

g.  Offload  Selector  (item  22)  -  The  selector  is  added  to 
the  lower  right  of  the  center  fuel  panel  to  provide  pre-selected 
fuel  transfer  amounts  and  automatic  shut-off  if  the  auto-manual 
select  switch  (item  23)  is  in  the  "auto"  position. 

h.  Auto/Manual  Select  Switch  (item  23)  -  The  switch  is 
added  to  the  lower  right  of  the  center  fuel  panel  and  its  function 
is  described  in  paragraph  g. 
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APPENDIX  A 
Sample  BSD  Formats 
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—  HSD  Switching  Matrix  — 
Moderate  Update 


Computer  and 
Major 

(Note:  Dual  bearin 


—  Map  Format  — 

Computer  Nav  Mode/Track-up  Presentation 
Moderate  and  Major  Updates 


(Note : 


r 


Aircraft  position  predictor  symbology) 


—  Map  Format  — 

Computer  Nav  Mode/Track-up  Presentation 
Moderate  and  Major  Updates 

Large  amount  of  clutter  and  other  symbology) 


11  fl20[ 

13  14  300^ 

XXXX 

\  40 

N.  \  80 

9^r 

GS  440 

/  160-40 

_ L _ J 

—  Air  Refueling  Rendezvous  Format  — 
Computer  Nav  Mode/North-up  Presentation 
Moderate  and  Major  Updates 
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--  ILS  Map  Format  — 

Computer  Nav  Mode/Track-up  Presentation 
Moderate  and  Major  Updares 

(Note:  Aircraft  approaching  airf ield/Range :  40  mi) 
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—  ILS  Map  Format  — 

Computer  Nav  Mode/Track-up  Presentation 
Moderate  and  Major  Updates 

(Note:  Aircraft  position  closer  to  airf ield/Range:  40  mi) 
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— ILS  Map  Format  -- 

Computer  Nav  Mode/Track-up  Presentation 
Moderate  and  Major  Updates 

Aircraft  position  closer  to  airf ield/Range 


—  Weather  Radar  Display  -- 
Nav  Mode  and  Format  Not  Selected 
Moderate  and  Major  Updates 


—  Ground  Mapping  Radar  Display  With  Cursor  — 
Nav  Mode  and  Format  Not  Selected 
Moderate  and  Major  Updates 


-  Aircraft  Radar  Beacon  Display 
Nav  Mode  and  Format  Not  Selected 
Moderate  and  Major  Updates 


—  Map  Format  With  Weather  Radar  Overlay  — 
Computer  Nav  Mode/Track-up  Presentation 
Moderate  and  Major  Updates 

Momentary  sweep  line  for  plotting  heading  deviations) 


APPENDIX  B 

Rating  Scale  Package  Administered  to  the  Pilots  and  Copilots 
Rating  Scale  Package  Administered  to  the  Boom  Operators 
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PILOT/COPILOT  RATING  SCALE  PACKAGE 


The  purpose  of  the  questionnaires  that  you  are  going  to  be  fill¬ 
ing  out  is  to  determine  as  accurately  as  possible  your  feelings  and 
preferences  about  the  varied  crew  station  configurations  to  which 
you  will  be  exposed.  Through  the  questionnaires,  we  will  be  able  to 
document  your  opinion  and  objectively  analyse  the  results  of  the 
experiment.  The  questionnaires  are  designed  to  help  vou  think  about 
each  crew  station  design  (both  during  and  after  each  "flight")  so 
that  vou  can  help  us  better  assess  each  design's  good  and  bad 
points.  We  ask  that  you  be  aware  of  each  design's  shortcomings  (as 
well  as  their  strong  points)  and  be  thinking  about  better  ways  to 
confiqure  each  design  during  each  "flight". 

When  completing  the  questionnaires,  make  any  comments  that  you 
see  fit  anyplace  in  the  questionnaire  (there  is  no  need  to  restrict 
yourself  to  the  "comments"  sections).  Please  fill  out  the  question¬ 
naires  as  best  you  can — we  know  that  at  times  they  may  appear  too 
tedious  and  lengthy  but  because  we  are  limited  in  the  number  of  sub¬ 
ject  crews  at  our  disposal,  we  must  obtain  maximum  data  from  you! 


DEFINITIONS 


During  the  mockup  flights  you  will  be  asked  to  rate  the  opera¬ 
tion  of  different  flying  tasks.  The  tasks  vou  will  be  rating  are 
communications,  navigation,  piloting,  paperwork,  and  "other"  tasks. 
Each  of  these  groups  of  tasks  are  defined  below: 

COMMUNICATION  -  The  operation  of  all  communications  equipment 

and  communication  on  that  equipment  —  tuning,  transmitting, 

receiving,  and  freauency  recognition  for  all  communication 

rad i os . 

NAVIGATION  -  The  operation  of  all  navigation  equipment  and 
navigation  on  the  information  provided  —  tuning,  receiving, 
wavpoint  programming,  interpreting  information  on  flight 
instruments,  interpreting  guidance  information,  and  ground 
mapping  radar. 

PILOTING  -  Aircraft  maneuvering,  airspeed  control,  mission  con¬ 
trol  and  command,  and  SKE. 

PAPERWORK  -  Calculating  take-off  and  landing  data,  CG  computa¬ 
tion,  AFTO  Form  781,  mission  progress  forms,  fuel  log,  and 
other  tasks  involving  "racer  and  pencil"  computations. 

"OTHER"  TASKS  -  Aircraft  subsystems  controls,  weather  radar, 
crew  coordination/briefings,  see  and  avoid,  and  checklists. 
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EXAMPLES  OF  NAV  MANAGEMENT  "PACES'1 
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BOOM  OPERATOR  RATING  SCALE  PACKAGE 


^he  purpose  of  the  questionnaires  that  vou  are  qoing  to  he  fill- 
inq  out  is  to  determine  as  accurately  as  possible  vour  feelings  and 
preferences  about  the  varied  crew  station  conf iqurati ons  to  which 
vou  will  be  exposed.  Throuqh  the  questionnaires,  we  will  be  able  to 
document  vour  opinion  and  objectively  analyze  the  results  of  the 
experiment.  The  questionnaires  are  desiqned  to  help  vou  think  about 
each  crew  station  design  (both  during  and  after  each  "fliqht")  so 
that  vou  can  help  us  better  assess  each  design's  good  and  bad 
points.  We  ask  that  you  be  aware  of  each  design's  shortcomings  (as 
well  as  their  strong  points)  and  be  thinking  about  better  wavs  to 
configure  each  design  during  each  "flight". 

When  completing  the  questionnaires,  make  anv  comments  that  you 
see  fit  anyplace  in  the  questionnaire  (there  is  no  need  to  resrtrict 
vourself  to  the  "comments"  sections).  P^lease  fill  out  the  ques- 
tionaires  as  best  vou  can  —  we  know  that  at  times  thev  mav  appear 
too  tedious  and  lengthy  but  because  we  are  limited  in  the  number  of 
subject  crews  at  our  disposal,  we  must  obtain  maximum  data  from  you! 
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DEFINITIONS 

During  the  mockup  flights  you  will  he  asked  to  rate  the  opera¬ 
tion  of  different  flying  tasks.  The  tasks  you  will  be  ratinq  are 
communications,  navigation,  aerial  refueling,  paperwork,  and  "other" 
tasks.  Each  of  these  groups  of  tasks  are  defined  below: 

COMMON  I CATION  -  The  operation  of  all  communications  equipment 

and  communication  on  that  equipment  —  tuning,  transmitting, 

receiving,  and  frequency  recognition  for  all  communication 

rad i os . 

NAVIGATION  -  The  operation  of  all  navigation  equipment  and  navi¬ 
gation  on  the  information  provided  —  tuning,  receiving,  wav- 
point  programming,  interpreting  information  on  flight  instru¬ 
ments,  interpreting  guidance  information,  and  ground  mapping 
radar  . 

AERIAL  REFUELING  -  Includes  refuel i no  receivers,  the  operation 
of  all  refuel inq  related  eauipment,  and  the  performance  of 
specified  refueling  computations. 

PAPERWORK  -  Calculating  take-off  and  landing  data,  CG  computa¬ 
tion,  AFTO  Form  781,  mission  proqress  forms,  fuel  log,  and  other 
tasks  involving  "paper  and  pencil"  computations. 

"OTHER"  TASKS  -  Aircraft  subsvstems  controls  weather  radar,  crew 
coordi nati on/brief i ngs,  see  and  avoid,  and  checklists. 


During  the  mockup  flights,  you  will  be  asked  to  rate  workload  and  equipment  for 
quality  and  capabilities.  The  three  scales  to  be  used  are  given  as  follows: 
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This  scale  is  a  continuum  from  an 
"absolute  necessity"  rating  (10) 
"absolutely  could  not  use  it"  rat 


APPENDIX  C 

Horizontal  Situation  Display  (HSD)  Switchology,  Formats 
and  Associated  Controls 
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HORIZONTAL  SITUATION  DISPLAY  (HSD)  SWITCHOLOGY,  FORMATS 


AND  ASSOCIATED  CONTROLS 

An  HSD  is  located  on  the  pilot's  and  copilot's  instrument 
panels,  immediately  below  the  ADI.  The  device  replaces  the  stan¬ 
dard  HSI  and  presents  plan-view  navigation  information,  radar  in¬ 
formation  or  a  mixture  of  both.  The  information  on  the  display  i 
controlled  through  a  switching  matrix  (Figure  11  located  adjacent 
to  the  display.  Switching  functions  for  the  two  displays  are  in¬ 
dependent  of  each  other,  permitting  individual  display  selection 
bv  each  pilot.  The  displays  are  used  in  conjunction  with  the 
flight  director  system,  navigation  computer  and  integrated  naviqa 
tion  control-display  unit  (CDU) .  The  switching  matrix  provides 
switches  for  controlling  Navigation  Mode  Selection,  HSD  Format 
Selection  and  Function  Selection. 

1.  The  operation  of  each  Nav  Mode  Selection  switch  is  as 
follows : 


a.  CMPTR  (Computer)  -  Depressing  this  legend  switch 
causes  computer  generated  navigation  information  to  be  made 
available  to  the  HSD  for  display  through  the  HSD  Format  Selec¬ 
tors.  Computer  generated  navigation  information  is  navigation 
data  derived  from  the  INS,  Doppler,  available  radio  aids  to 


HSD  MODE  SELECTOR  SWITCHES 


navigation,  CADC  and  AHRS.  Under  normal  operating  conditions,  the 
CMPTR  mode  will  be  the  most  reliable  estimate  of  the  aircraft's 
navigation  situation.  This  mode  is  not  used  for  TACAN,  VOR  or  ILS 
approaches,  (except  for  computer  generated  map  ILS  approaches 
which  are  described  in  the  section  on  ILS). 

b.  A  SWITCHES  (solid  symbol  indicates  both  bearing  and 
CD I  information  available) .  With  CMPTR  NAV  Mode  selected  these 
switches  are  disengaged  and  the  ♦  bearing  pointer  and  CDI  on  an 
HSI  format  will  display  course  to  the  next  flight  plan  way-point. 
When  one  of  these  four  A  switches  are  selected,  course  guidance 
information,  in  conjunction  with  a  selected  COURSE,  will  be  dis¬ 
played  on  the  HSD.  These  switches  are  mutually  exclusive,  i.e., 
only  one  can  be  activated  at  any  one  time.  They  are  also  mutually 
exclusive  with  the  CMPTR  switch.  The  switches  illuminate  when 
activated.  When  a  switch  is  pressed,  it  illuminates  and  the  pre¬ 
viously  activated  switch  is  deactivated.  When  an  illuminated 
switch  is  pressed,  nothing  happens  (no  "off"  function).  If  a  A 
switch  is  selected  and  the  ground  signal  is  insufficient,  ♦  bear¬ 
ing  pointer  will  rotate  CCW  and  the  CDI  will  swing  from  side  to 
side.  If  a  A  switch  is  selected  and  R/T  unit  is  "off",  ♦  bearing 
pointer  disappears  and  CDI  will  stow  to  the  side  of  the  case. 

(1)  TACAN  #1 A ,  TACAN  #2A  -  Depressing  either  one  of 
these  switches  automatically  changes  the  HSD  to  the  HSI  format  and 
permits  TACAN,  CDI  guidance  information,  in  conjunction  with  a 
selected  COURSE,  to  be  displayed  on  the  HSD.  In  addition,  bearing 
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to  the  selected  NAV  aid  is  displayed  on  the  ♦  bearing  pointer  and 
the  distance  from  the  aircraft  to  the  station  is  displayed. 

(2)  VHF  NAV  #1 A ,  VHF  NAV  #2A  -  Depressing  either  one 
of  these  switches  automatically  displays  the  HSI  format  and  per¬ 
mits  CD I  guidance  information,  in  conjunction  with  a  selected 
course,  as  well  as  bearing  information  (on  the  ♦  bearing  pointer), 
on  the  HSD,  if  a  VOR  frequency  is  tuned  in  the  respective  RT  unit, 
or  localizer  course  deviation,  if  an  ILS  frequency  is  tuned  in  the 
respective  RT  unit.  If  an  ILS  frequency  is  tuned  for  the  selected 
VHF  NAV  #1  or  #2  ▲  switch,  the  bearing  pointer  symbol  (♦)  will 
disappear  from  the  HSD. 

Note:  CD I  guidance  information  relative  to  a  ground-based  nav  aid 
can  only  be  displayed  if  the  Nav  aid  is  selected  on  one  of 
the  ▲  bearing  selector  switches. 

c.  A  SWITCHES  -  open  symbol  indicates  only  bearing  infor¬ 
mation  available  (no  CDI).  These  selector  switches  permit  bearing 
information  to  be  displayed  on  the  £  bearing  pointer  on  the  HSD, 
when  the  displav  is  in  the  HSI  format.  These  switches  are 
mutually  exclusive.  VHF  NAV  A  switches  can  be  used  in  conjunction 
with  the  CMPTR  NAV  Mode  and  HSI  Format  to  provide  VOR  bearing 
information.  TACAN  A  selectors  are  not  available  when  in  the 
CMPTR  NAV  mode  because  TACANS  are  being  auto  tuned.  However, 

TACAN  information  is  displayed  on  £  pointer  if  no  A  switches  are 
depressed  and  "CMTR"  is  selected  and  has  auto  tuned  a  TACAN  R/T 
unit;  A  TACAN  switch  will  not  light  up;  TACAN  £  ID  will  be  on 
PPSN  page;  £  will  be  auto  tuned  to  strongest  TACAN  signal. 


(1)  TACAN  #1A,  TACAN  #2 A  -  Depressing  either  one  of 
these  two  switches  places  bearing  information  to  the  repective 
TACAN  station  on  the  ^  bearing  pointer  and  the  distance  from  the 
aircraft  to  the  station  is  displayed.  These  switches  are  only 
active  when  the  HSI  Format  has  been  selected  and  when  CMPTR  is  not 
selected  because  of  the  TACAN  autotuning  feature. 

(2)  VHF  NAV  fl A,  VHF  NAV  #2A  -  Depressing  either  one 

of  these  two  switches  displays  bearing  information  to  the  VOR 
tuned  in  the  selected  RT  unit  on  the  ^  bearing  pointer. 

Note:  Depressing  a  VHF  NAV  ^  bearing  pointer  switch  in  which  an 

ILS  is  tuned  will  cause  the  displayed  ^  pointer  to  disap¬ 
pear  from  the  HSD  since  only  the  A  bearing  pointer  switches 
can  be  used  in  conjunction  with  an  ILS.  The  light  in  the 
A  switch  will  blink.  If  an  ILS  frequency  is  tuned  after  a 
VHF  NAV  A  has  been  depressed  and  illuminated,  the  effect 
is  the  same. 

Note:  The  NAV  Mode  Selector  Switches  replace  the  TACAN  Select 

Switch  currently  found  in  the  KC-135.  Thus,  in  addition  to 
the  effect  they  have  on  the  HSD,  they  interface  with  the 
Flight  Director.  If  CMPTR  is  selected  (Flight  Director 
Mode  Selector  Switch  in  NAV/LOC) ,  the  Command  Bars  present 
command  information  to  fly  the  flight  plan  course  as  de¬ 
fined  through  the  Navigation  Management  Control-Display 
Unit.  With  any  of  the  ▲  BEARING  select  switches  depressed, 
the  flight  director  command  bars  will  provide  information 


to  fly  the  selected  course  to  the  Nav  aid,  if  a  TACAN  or 
VOR  facility  is  tuned,  or  the  localizer  and  glide  slope, 
if  an  ILS  is  tuned  and  the  Flight  Director  Mode  Selector 
is  in  APP  MAN  or  APP  AUTO.  The  A  BEARING  select  switches 
do  not  effect  the  operation  of  the  Flight  Director. 

2.  The  description  of  the  format  and  function  selector 
switches  is  divided  into  two  sections  for  clarity.  The  operation 
of  the  HSD  Format  Selection  switches  is  as  follows: 

a.  HSI  (Horizontal  Situation  Indicator)  -  Selection  of 
this  legend  switch  causes  the  HSI  format  to  be  displayed  on  the 
HSD  and  the  HSI  switch  light  to  illuminate.  HSI  may  be  selected 
for  any  of  the  NAV  Modes  with  the  information  being  displayed  a 
function  of  the  NAV  Mode  selected. 

(1)  If  CMPTR  is  selected,  the  HSI  format  (  4  and  CDI) 
provides  COURSE  information  relative  to  the  computer  generated 
flight  plan  course.  The  CRS  SET  (Course  Set)  knob  is  declutched 
and  course  deviation  information  is  relative  to  the  fliqht  plan 
course.  Without  a  flight  plan,  the  ♦  will  rotate  CCW.  Bearing 
information  is  displayed  as  a  function  of  the  selected  V  NAV 
BEARING  A  switch  (TAC  A  switches  are  inactive) .  If  no  V  NAV  is 
selected,  TACAN  info  may  be  displayed  on  ^  if  TACAN  is  auto 


tuned . 


(2)  If  a  A  (BEARING  and  CDI)  switch  is  selected,  the 
HSI  format  presents  digital  course,  course  deviation  and  bearing 
information  relative  to  the  Nav  aid  tuned  in  the  respective  RT 
unit,  with  desired  course  selected  through  the  CRS  SET  knob. 
Without  an  adequate  ground  signal  (R/T  unit  on) ,  ^  will  rotate 
CCW.  Selected  A  R/T  unit  off,  ^  and  CDI  disappears. 

(3)  If  a  A  (BEARING  ONLY,  NO  CDI)  switch  is  selected, 
the  HSI  presents  bearing  information  relative  to  the  nav  aid  sta¬ 
tion,  if  a  TACAN  or  VOR  frequency  is  tuned  in  the  respective  RT 
unit.  If  an  ILS  frequency  is  tuned  in  the  selected  RT  unit,  the 
^  BEARING  pointer  will  disappear  and  the  A  switch  will  blink. 

Figures  2,  3,  4  and  5  depict  some  of  the  possible  HSI 
variations  which  may  be  displayed  on  the  HSD.  The  switch  selec¬ 
tions  necessary  to  display  those  specific  variations  are  shaded. 
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HS1  FORMAT  -  CMPTR  NAV  MODE 


NOTE: 

•  4  BRG  and  DIST  to  waypoint  in  nav 
management  system. 

•  ^only  BRG  information  displayed  to 
VOR  station  (No  DME). 

•  TACAN  1  and  TACAN  2  information 

will  be  displayed  only  on  PPSN  page 
of  nav  management  system,  since  they 
are  always  auto  tuned  when  in  the 
CMPTR  nav  mode.  When  CMPTR  is  selected, 
TACAN  information  displayed 

on  the  HSI^  bearing  pointer  will  be 
from  the  strongest  nav  aid  signal 
received. 


HSD  MODE  SELECTOR  SWITCHES 


Figure  2 
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HSI  FORMAT  -  TAC  NAV  MODE 


NOTE: 

•  HSI  format  automatically  displayed. 

•^BRG  and  DIST  to  manually  tuned  TACAN 
station. 

BRG  to  VOR  station  (No  DME). 

•  HSI  switch  light  illuminates 
automatically. 


HSD  MODE  SELECTOR  SWITCHES 


Figure  3 
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HSi  FORMAT  -  VOR  NAV  MODE 
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hsd  modi  selector  switches 


NOTE: 

•  HSI  format  automatically  displayed. 

•  ^BRG  to  VOR  station  (No  DME). 

•  ^BRG  and  Dist  to  manually  tuned  TACAN. 

•  HSI  switch  light  illuminates 
automatically. 


Figure  4 
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HSI  FORMAT  -  ILS  NAV  MODE 
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NOTE: 

•  HSI  format  automatically  displayed. 

•  VHF  NAV  lA  tuned  to  ILS  frequency 
so  ♦  is  not  visible. 

•^BRG  and  Dist  to  manually  tuned 
TACAN  station . 

•  HSI  switch  light  illuminates  automatically. 


HSD  MODE  SELECTOR  SWITCHES 


Figure  5 
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b.  MAP  -  Selection  of  this  mode  causes  the  MAP  format  to 
be  displayed  on  the  HSD.  The  MAP  format  is  only  selectable  if  the 
CMPTF  Nav  Mode  is  selected.  If  any  Nav  Mode  other  than  the  CMPTR 
Nav  Mode  is  selected,  the  MAP  select  switch  will  not  activate,  and 
the  display  will  not  change. 

Figures  6,  7,  8  and  9  depict  some  of  the  possible  MAP  for¬ 
mat  variations  which  may  be  displayed  on  the  HSD.  The  switch 
selections  necessary  to  display  those  specific  variations  are 
shaded . 
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HSD  MAP  FORMAT  -  NORTH  UP  (CLUTTERED) 


NOTE: 

•  Clutter  refers  to 
amount  of  symbology 
displayed. 

•  Box  in  upper  left 
hand  corner  indicates 
time  in  minutes  and 
seconds  and  distance 
in  miles  and  tenths 
of  miles. 


Aircraft  symbol  shows 
a  right  drift  correc¬ 
tion  of  6°  (326°  vs 
320°). 


HSD  MODE  SELECTOR  SWITCHES  Figure  6 
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NOTE: 

•  Range  marks  always 
indicate  the  present 
(instantaneous)  track 
of  the  aircraft  over 
the  Earth's  surface. 

■  Predictor  lines  show 
that  the  desired 
course  (320°)  is 
being  maintained. 
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HSD  MAP  FORMAT  -  TRACK  UP  (UNCLUTTERED) 


SWEEP 


Aircraft  symbol  shows 
a  right  drift  correc¬ 
tion  of  6°  (326°  vs 
320°). 

Aircraft  is  on  course 
with  proper  drift 
correction. 
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NOTE: 


•  Radar  is  ON  and  in  WX 
or  WX  CTR  mode.  Flash¬ 
ing  "WX"  symbol  alerts 
pilot  to  display  wea¬ 
ther  radar  because  it 
is  painting  a  return. 

•  Box  in  upper  left 
hand  corner  indicates 
time  in  hOL. s  and 
minutes  when  time  is 
more  than  60  minutes 

( :  replaced  by  +) ,  and 
distance  is  more  than 
999  (decimal  deleted). 


Figure  7 


HSD  MAP  FORMAT 


|  NAV  NODE  SELECTOR  | 
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NOTE: 


Radar  is  in  Beacon 
mode. 

Predictive  vector 
lines  indicate 
aircraft's  predicted 
location  at  the  end 
of  30,  60,  and  90 
seconds  respectively. 
Aircraft  is  in  a  left 
turn  and  will  inter¬ 
cept  desired  course 
(030°)  in  60  seconds. 


Figure  8 
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HSD  MAP  FORMAT  W/RADAR  WY 


NOTE: 

.  Aircraft  is  off  course 
to  the  right,  in  a 
left  turn,  and  will 
intercept  desired 
course  in  60  seconds. 


NOTE: 

•  Sweep  line  is  dis¬ 
played  28°  right  of 
aircraft  longitudinal 
centerl ine. 

•  Radar  is  in  WX  or  WX 
CTR  mode. 


HSD  flODE  SELECTOR  SWITCHES 
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Figure  9 


c.  HOLD/RZ  (HOLD/RENDEZVOUS)  -  Selection  of  this  HSD  mode 
causes  either  the  HOLD  format  or  the  RENDEZVOUS  format  to  be  dis¬ 
played.  The  parameters  presented  on  these  formats  are  defined  for 
the  computer  through  the  Navigation  Management  Control-Display 
Unit.  The  HOLD/RZ  switch  permits  sequential  selection  of  either 
the  HOLD  or  the  RZ  format  display  with  successive  pushes  of  the 
switch.  As  with  the  MAP  format,  HOLD/RZ  may  only  be  selected  if 
the  CMPTR  Nav  Mode  has  been  selected.  Even  if  pressed,  the  switch 
will  remain  inactive  in  an  incompatible  Nav  mode.  When  HOLD  or 
RZ  is  selected,  the  display  automatically  goes  to  a  North-Up  pre¬ 
sentation.  The  display  remains  in  North-Up  even  after  a  different 
format  is  selected  until  the  N/TK  Up  switch  is  cycled.  When  the 
RZ  format  is  selected,  the  flight  director  is  deactivated,  requir¬ 
ing  the  pilot  to  navigate  without  commanded  information.  The 
flight  director  reactivates  automatically  whenever  a  new  format 
other  than  RZ  is  selected. 

Figure  10  depicts  a  Holding  Pattern,  Orbit  and  Anchor  Pat¬ 
tern. 


Figure  11,  12,  13  and  14  depict  some  of  the  possible  hold¬ 
ing  pattern,  orbit  or  anchor  pattern  format  variations  which  may 
be  displayed  on  the  HSD.  The  sequence  shows  an  aircraft  approach¬ 
ing  and  entering  a  pattern. 
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HOLDING,  ORBIT,  ANCHOR  PATTERN 


and  outbound  legs. 


NOTE: 


•  This  diagram 
terms  and  is 


is  furnished  to  graphically  depict  the  definition  of 
not  a  format  that  will  be  displayed. 


Figure  10 
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HOLD  FORMAT 
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NAV  MGT  HOLD/RZ  PAGE  PROGRAMMED  AS: 
INB  CRS  030 

INB  LEG/TURNS  10/L 

REC  TAS/DFT  CR 
REC  IP 

TURN  RNG/OFFSET  — /TO 
PUSH  TO  INSERT 


NOTE: 


North  up  format  automatically  dis¬ 
played  when  HOLD  is  selected. 

INB  CRS  is  the  holding  pattern  course 
inbound  to  holding  fix. 

Radar  in  GND  MAP  mode. 


Figure  11 


Radar  cursor  switch  activated. 
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HSD  MODE  SELECTOR  SWITCHES 


HAV  MODE  SEUCTOR 
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NOTE: 


•  North  up  is  automatically  displayed 
when  HOLD  is  selected. 

•  INB  CRS  is  the  holding  pattern  course 
inbound  to  the  holding  fix. 
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HSD  HOLD  FORMAT 
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NOTE: 

■  North  up  format  is 
automatically  dis¬ 
played  with  HOLD 
format. 

•  INB  CRS  is  course 
inbound  to  holding 
fix. 

•  Length  of  inbound 
leg  (50)  as  typed 
on  the  HOLD/RZ  page 
of  nav  management 
system,  is  displayed 
adjacent  to  a  point 
where  inbound  turn 
is  started. 


Figure  13 
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HSD  HOLD  FORMAT 
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NOTE: 

•  North  up  format  is 
automatically  dis¬ 
played  with  HOLD 
format. 

•  INB  CRS  is  the  holding 
pattern  course  inbound 
to  holding  fix. 
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Figure  14 


Figure  15  depicts  Point  Parallel  Rendezvous. 

Figures  16  and  17  depict  some  of  the  possible  point  par¬ 
allel  rendezvous  format  variations  which  may  be  displayed  on  the 
HSD.  The  sequence  shows  the  tanker  as  it  approaches  the  receiver 
(beacon)  and  prepares  to  make  its  180°  turn  inbound.  Figure  8 
could  occur  later  in  this  sequence  after  "MAP"  has  been  selected 
on  the  HSD  format  selector  switches. 
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POINT  PARALLEL  RENDEZVOUS 


NOTE: 

•  This  diagram  is  furnished  to  depict  the  definition  of  terms  and  is  not 
a  format  that  will  be  displayed. 


Figure  15 
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HSD  RZ  FORMAT 
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NOTE: 

•  North  up  format  is  automatically  dis¬ 
played  when  RZ  is  selected. 

•  INB  CRS  is  course  inbound  to  ARCP. 

•  Predictive  vector  lines  are  now  dis¬ 
played  at  the  leading  edge  of  the 
TURN  RANGE/OFFSET  symbol  paralleling 
ground  track. 
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Figure  16 
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NOTE: 

•  Aircraft  has  just 
started  a  left  turn 
toward  reciprocal 
(210°)  of  inbound 
course  (030°). 
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NOTE: 

•  North  up  format  is 
automatically  dis¬ 
played  when  RZ  is 
selected. 

•  INB  CRS  is  course 
inbound  to  the  ARCP. 

•  Predictive  vector 
lines  are  now  dis¬ 
played  at  the  leading 
edge  of  the  TURN  RANGE 
OFFSET  symbol. 

•  Radar  is  in  Beacon 
mode. 
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Figure  17 


d.  ILS  -  ILS  information  can  be  displayed  on  either  the 
conventional  HSI  format  or  a  modified  MAP  format. 

(1)  Obtain  the  ILS  HSI  Format  (Figure  5)  as  follows: 

With  the  Nav  Mode  selector  in  CMPTR  and  the  HSD  format 
selector  switch  in  HSI,  MAP  or  HOLD/RZ,  pressing  the  ▲  (BRG  and 
CD I)  VHF  NAV  or  TACAN  switch  causes  (1)  the  CMPTR  light  to  go  out 
(2)  the  pressed  switch  to  activate  (illuminate),  (3)  permits 
manual  tuning  of  TACAN  RT  units  through  the  control  head,  (4) 
automatically  changes  the  HSD  format  to  an  HSI  display,  and  (5) 
illuminates  the  HSI  format  switch.  TACAN,  VOR  or  ILS  can  then  be 
flown  with  the  HSI  format. 

Note:  No  ♦  (BRG  pointer)  is  displayed  with  the  ILS  format;  how¬ 

ever,  £  (BRG/DIST-NO  CDI)  pointer  selections  may  be  made. 

(2)  The  ILS  MAP  Format  rather  than  the  HSI  format  can  be 
displayed  as  follows: 

With  the  Nav  Mode  selector  in  CMPTR  (light  on) ,  pressing 
the  ILS  HSD  format  switch  (light  on)  causes  the  HSD  display  to 
disappear  unless  or  until  an  ILS  frequency  (odd  frequencies  from 
108.1  through  111.9  mHz)  is  manually  tuned  in  one  of  the  VHF  NAV 
receivers.  The  frequencies  in  both  receivers  will  be  scanned  by 
the  computer.  The  #1  VHF  NAV  frequency  has  priority  over  #2  VHF 
NAV  if  both  are  tuned  to  ILS  frequencies.  If  and  when  an  ILS  fre 
quency  is  tuned  in  either  receiver,  the  ILS  MAP  format  is  dis¬ 
played.  If  or  when  a  VOR  frequency  is  tuned  in  both  receivers 
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(even  frequencies  108.0  through  111.8  and  all  frequencies  112.0 
through  117.9  mHz)  with  ILS  format  selected,  both  V  NAV  switches 
will  blink  and  the  ILS  symbology  will  disappear  (glideslope 
indication  and  final  approach  fan). 

Figures  18,  19  and  20  depict  some  of  the  possible  ILS  MAP 
format  variations  which  may  be  displayed  on  the  HSD.  The  se¬ 
quences  shows  an  aircraft  on  an  ILS  approaching  an  airfield. 
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Figure  19 
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PILOT  HSD  ILS  FORMAT 


NOTE: 

•  Aircraft  is  to  the 
right  of  localizer, 
in  a  left  bank  and 
will  intercept 
localizer  in  30 
seconds . 

•  Aircraft  is  above 
glideslope. 
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3.  The  operation  of  the  Function  Selection  switches  is  as 


follows : 


a.  RADAR  -  Selection  of  this  switch  causes  radar  infor¬ 
mation,  as  determined  by  the  position  of  the  RADAR  Mode  Selector 
switch  to  be  displayed  on  the  HSD.  Radar  information  (weather, 
ground  map  and  beacon  modes) ,  may  be  overlayed  on  any  HSD  format 
except  HSI,  or  may  be  selected  by  itself.  The  range  of  the  dis¬ 
played  information  is  either  scaled  to  be  compatible  with  the  for¬ 
mat  being  over  laved  or  selected  with  the  RANGE/SCALE  switch.  Due 
to  limitations  in  the  simulator,  the  radar  range  cannot  be  varied 
between  the  pilot  and  copilot.  Whenever  radar  is  selected  by  both 
pilot  and  copilot  the  scale  on  both  displays  will  go  to  that 
selected  by  the  pilot.  The  radar  cursor  control  and  display  is 
discussed  in  paragraph  4. 

b.  N-UP/TK  UP  (North/Track-Up)  -  Selection  of  this  func¬ 
tion  reorients  the  displayed  format  to  either  a  north  or  track-up 
presentation.  Activation  of  the  switch  will  cause  a  north-up  pre¬ 
sentation  to  change  to  track-up,  or  a  track-up  presentation  to 
change  to  north-up  accompanied  by  appropriate  lighting  of  half  of 
the  switch.  The  function  is  only  compatible  with  the  MAP  and  ILS 
formats.  The  display  automaticallv  changes  to  N-UP  for  HOLD  or 
RZ.  When  the  format  changes,  the  N-UP  or  TK-UP  remains  the  same 
until  the  switch  is  cycled. 
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RANGE  -  Selection  of  this  alternate  action  switch 


c . 

causes  the  range  and  scale  of  the  displayed  information  to  change. 
Generally,  the  HSD  format  automatically  changes  range  to  a  pre¬ 
selected  value  as  each  different  format  is  selected.  The  pro¬ 
grammed  ranges  are:  MAP  -  160  NM,  HOLD/RZ  -  80  NM,  ILS  -  12  NM. 
The  range  of  the  displayed  information  is  changed  by  pressing  the 
RANGE  switch.  Each  press  of  the  switch  changes  the  range  to  the 
next  higher  predetermined  value.  The  first  press  after  the  high¬ 
est  value  has  been  selected  causes  the  lowest  value  to  be  selected 
in  a  wrap-around  feature.  The  total  range  and  distance  between 
range  marker  values  (in  NM)  when  radar  is  displayed  are  4/1,  12/3, 
40/10,  80/20,  160/40  and  240/60. 


d.  CLTR  (Clutter)  -  Selection  of  this  switch  either  adds 
or  deletes  computer  generated  navigation  information  from  the  MAP, 
HOLD/RZ  or  ILS  display  formats.  If  unwanted,  the  information  is 
removed  by  depressing  the  switch.  Conversely,  if  not  present  but 
desired,  pressing  the  switch  will  cause  the  information  to  appear. 
The  various  stages  of  clutter/declutter  are:  (1)  basic  map  sym¬ 
bology,  (2)  (1)  plus  TACANS,  (3)  (2)  plus  all  other  NAV  AIDS,  (4) 

(3)  plus  airfields  and  obstructions.  The  switch  has  a  wrap-around 
feature  so  that  pressing  it  again  obtains  (1) . 


e.  CP-RPT  (HSD  Repeat  switch)  -  This  switch  is  labeled 
"CP-RPT"  on  the  pilot's  panel  and  "P-RPT"  on  the  copilot's  panel. 
When  the  "CP-RPT"  switch  is  pressed  by  the  pilot,  the  information 
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being  displayed  on  the  pilot's  HSD  will  be  replaced  (identically) 
with  the  information  being  displayed  on  the  copilot's  HSD  and  the 
switch  light  will  illuminate.  The  pilot's  remaining  HSD  mode/ 
format  selector  switches  turn  off.  C-P  RPT  switch  is  mutually 
exclusive  with  all  other  HSD  mode  and  format  selection  switches. 
Vice  versa  applies  to  the  copilot's  use  of  the  HSD  repeat  switch. 

4.  The  function  of  other  related  controls  are  described  below. 

a.  CRS  SET  (Course  Set)  -  This  knob  (located  below  the 
HSD)  performs  the  same  function  as  the  Course  Set  knob  located  on 
the  HSI  on  the  existing  KC-135.  However,  it  is  only  operable  with 
the  ▲  (BEARING  +  CDI)  Nav  Mode  Selector  switches  selected  and  the 
HSD  in  the  HSI  mode.  In  all  other  switch  combinations,  the  knob 
is  declutched,  with  course  information  being  generated  by  the  com¬ 
puter  based  on  the  pilot  programmed  flight  plan. 

b.  HDG  SET  (Heading  Set)  -  This  knob  (located  below  the 
HSD)  performs  the  same  function  as  the  heading  set  knob  on  the 
existing  KC-135.  It  controls  the  heading  markers  (which  is  a  part 
of  the  HSI  format)  regardless  of  the  NAV  mode  being  utilized.  The 
heading  marker  may  also  be  moved  with  the  heading  slew  switch  on 
the  control  yokes.  This  slew  switch  moves  the  heading  marker  1° 
per  switch  contact.  If  the  heading  slew  switch  is  held  down  for 
more  than  1/2  second,  the  heading  marker  is  slewed  at  18°/sec. 

The  heading  slew  switches  work  individually  (pilot's  yoke  switch 
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moves  pilot's  heading  marker,  etc.)  when  the  slew  switch  on  the 
overhead  panel  is  selected  to  "Single"  or  together  (either  pilot's 
or  copilot's  switches  move  both  heading  markers)  when  the  slew 
switch  is  selected  to  "Dual".  The  heading  marker  provides  input 
to  the  flight  director  when  the  "Heading"  mode  is  selected  on  the 
flight  director. 

c.  SWEEP  CONTROL  -  When  pressed,  this  rocker  type  switch 
(located  below  the  HSD)  causes  a  cursor  line  to  project  from  the 
nose  of  the  aircraft  svmbol  on  the  HSD.  The  sweep  will  remain 
visible  for  as  long  as  the  switch  is  held  down  plus  5  seconds.  It 
will  move  at  5°/second  in  a  fan  shaped  pattern,  in  the  direction 
that  the  rocker  switch  is  being  held,  90°  either  side  of  the 

nose  of  the  aircraft.  The  number  of  degrees  between  the  displayed 
sweep  and  the  longitudinal  axis  of  the  aircraft  is  displayed 
digitally  near  the  lower  center  edge  of  the  HSD.  It  can  be  used 
to  determine  the  amount  of  aircraft  heading  change  necessary  to 
approach  or  avoid  a  specified  target. 

d.  RADAR  CURSOR  CONTROL  -  A  radar  cursor  control  is  lo¬ 
cated  on  the  forward  center  console.  When  cursor  is  selected,  a 
cross  hair  appears  on  the  display.  The  cross  hair  or  cursor  can 
be  moved  about  the  display  with  a  joy  stick  type  cursor  control 
and  positioned  at  a  desired  location.  The  position  of  the  cursor 
can  be  inserted  into  the  nav  management  system  through  the  cursor 
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insert  control  switch.  For  example,  when  a  ground  target  is  iden¬ 
tified,  the  cursor  can  be  moved  to  a  position  over  that  target 
with  the  cursor  control.  The  insert  function  can  be  activated  by 
pressing  the  insert  switch,  which  feeds  this  information  to  the 
mission  computer.  The  computer  then  calcualtes  the  relative  loca¬ 
tion  of  the  aircraft  and  the  cursor.  This  information  can  be 
automatically  or  manually  used  by  the  pilot  to  update  the  naviga¬ 
tion  svstem. 


e.  RADAR  WEATHER  WARNING  -  The  radar  svstem  contains  an 
automatic  feature  which  displavs  a  warning  symbol  (flashing  "WX") 
on  the  HSD  of  nearby  weather  cells  if  the  radar  is  on  the  WX  or 
WX  CTR  position  even  though  a  radar  overlay  is  not  being  displayed 
on  the  HSD.  This  allows  the  pilot  to  select  RADAR  on  the  HSD  to 
determine  the  exact  location. 

5.  The  Bearing  Distance  Heading  Indicators  (BDHI’s)  are  de¬ 
scribed  here  although  they  are  not  part  of  the  HSD.  The  selection 
of  Nav  aid  information  to  be  displayed  on  the  BDHIs  integrated 
with  that  displayed  on  the  HSD  provides  a  more  complete  picture. 
The  source  of  the  bearing  and/or  bearing  distance  information  dis¬ 
played  on  each  BDHI  is  not  selectable.  The  single  bar  needle  (#1) 
on  the  pilot's  BDHI  provides  information  from  TACAN  #1.  The 
pilot's  double  bar  needle  (#2)  provides  information  from  the  UHF/ 
DF.  The  copilot's  single  bar  needle  (#1)  is  connected  to  TACAN 
#2.  The  copilot's  double  bar  needle  (#2)  is  connected  to  the  low 
frequencv  ADF . 
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